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PREFACE 


This book ‘consists* of four lectures which 
’were delivered jn the Physiological Labora- 
tory of Guy’s Hospital, during May of this 
year, as a London University course for 
senior students. They are reproduced in the 
form of their delivery, after careful revision, 
in which I have been much aided by the 
crilScisms •^and suggestions of my friend 
Professor J.’T. Wilson, F.R.S. 

Philosophical readers who may have chanced 
to se® an essay by my brother and myself on 
‘ Th/ Relations of Philosophy to Science ’ in 
Essays in Phihsopbical Criticism, published in 
1888, will recognise in these lectures a de- 
velopment of the ideas put forward in that 
essay. In a presidential address which I 
delivered in 1908 before the Physiological 
Section of the British Association, and in 
other scattered papers, the same line argu- 
ment in relation to Jhe aims of biology and 
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its positioncamong the sciences was followed 
out in ceitain directions. The lectures noi 
publshed represent an attempt at a mote 
comprehensive treatment of the subject. 

The time is now more than ripe for bring 
ing the great biological movement of the 
nineteenth centurj into dehnite relation witl 
the main stream of humatf thought; and 
these lectures form a cohtribution toward! 
the flilmeqt of this task. 
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LECTURE I 


THE MECHANISTIC THEORY OF LIFE 

1 

The aim of the first two of these lectures is to 
examine the hypothesis that liviftg organisms 
may be regarded as conscious or unconscious 
physical and "chemical mechanisms, and can 
be Satisjac^rily investigated from this stand- 
point. In this first lecture I shall endeavour 
to stat5,*as well as i can, the case for what 
may be called, in the absence of a better 
expression, the mechanistic theory of life. 

The researches .of countless investigators 
have established with practical unanimity 
certain very fundamental facts with regard to 
living organisms. One of these is that the 
matter of which the bodies of organisms are 
found by analysis to be composed consists 
of the same chemical elements •aS are 
found outside the body, and that no new 
matter is formed in the body, or disappears 
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from it. All the matter which is found 
in the body, or which passes from it, can 
be accounted for by what is taken up 
from the environment. Of the particular 
chemical substances, moreover, which have 
been found in the bod^ a large and ever 
increasing number can be fo^ned artificially* 
outside it, and there is no reason for believing 
that any ultimate difficulty will be experi- 
enced in artificially forming any of the 
chemical substances which have been dis- 
, covered, or are ever likely to bite discovered, 
within the body. , • 

Another fundamental fact is that the whole 
of the energy which is liberated in thu body, 
whether as heat, mechanical work, or in other 
forms, can be traced to, sources outside ^the 
body. The actual external^sources of energy 
in the living body were first pointed out in 
general terms by Mayer more ' than sixty 
years ago, and the exact investigations of 
subsequent physiologists have completely 
verified his general conclusions. 

The»two great physical laws of conservation 
of matter and teonservation of energy can 
thus be extended with apparently rigorous 
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MATTER, ENERGY AND LIFE 

accuracy to all living organisDos^ including 
human beings. From this it may be inferred 
that, however complex may be the changes 
involved in organic activity, they are nothing 
but changes in a material system. As yet 
w*e are far ‘from being able to trace this 
‘system and its, changes completely ; but the 
main outlines are clear, and the gradual filling 
in of details can only be a matter of time, 
though we shall probably nevtfr succeed in 
completely filling in all the details. 

It is true that, in the case of at least the 
higher ^r^anisms, consciousness accompanies 
some of thh material changes in the living 
body, *vvdiereas consciousness is not known 
to accompany material changes in the in- 
organic world. Of* this mysterious accom- 
paniment we can ,of course give no physical 
account. Possibly consciousness accompanies 
all materiarchange ; but whether or not this 
is the case, consciousness seems to make no 
difference in the end to the physical and 
chemical chain of events. It might, con- 
ceivably, be a form of energy, gferlerated 
under certain unknown conditions in active 
{HXitoplasm ; but, if so, it is only oiie form 



4 THE MECHANISTIC THEORY OF LIFE 


of energy, ‘generated from and immediately 
passing back into other forms. Cut off the 
oxygen supply to the brain, and conscious- 
ness ceases within a few i^econds. It makes 
no difference to the energy balance of the 
body whether an animal Is conscious or no^ ; 
and it seems simplest, in the ^present state of 
knowledge, to treat conscjousness as an ac- 
companiment, not altering in any way the 
physical and chemical changes which it 
accompanies, of certain intra-protoplasmic 
changes. 

The mechanistic theory may be* supported 
by another set of considerations, wliich appeal 
very strongly to many scientific investigators. 
In all biological investigations we are investi- 
gating either structure oy activity ; and when 
we come to details we find that the struc- 

c 

ture is physical and chemical structure, and 
the activity physical and chemical activity. 
Hence biology can be nothing but the physics 
and chemistry of organisms. 

This argument may be illustrated in almost 
infinite Retail. Let us suppose that we are 
engaged in anatomical investigation. Withs 
the scalpel, microtome, microscope, fixing 
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and staining reagents and other physical or 
chemical apparatus we separate out or render 
distinguishable the details of structure. But 
these details are only details of form, size, 
colour, physical or chemical characters, and 
spatial relations to bther parts. The facts we 
‘ascertain are physical and chemical facts ; 
and the methodic we use are physical and 
chemical methods. 

If, on the other hand, we are making a 
physiological investigation, the same is no 
less true. If we are investigating secretion 
wtf are;^m«asuring the mass or volume of the 
substances Secreted, or their chemical com- 
position,* or perhaps their osmotic pressure, 
or concentrations of ions in them. If we 
are^ investigating muscular contraction we 
are measuring tly; rate and extent of the 
contraction, or the accompanying heat pro- 
duction or ehemical or electromotive pheno- 
mena. The phenomenon which we observe 
is always some physical or chemical change. 
The methods we use are physical and chemi- 
cal methods, and the resulting ihcts are 
consequently physical and chemical facts, 

From the very nature of its methods and 
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fects, there^re, biology can apparently be 
nothing but applied physics and chemistry. 
When we come to matters of detail it ap- 
pears that biology does nothing, and can do 
nothing, but ask physical and chemical 
questions, and obtain physical and chemical 
answers, in so far as the answers are more 
than partial answers. In ctracing, say, the 
development of an organism, or investigating 
the process of secretion, we, of course, obtain, 
in the present state of knowledge, only 
, partial answers. We may not‘ be able to 
give a complete statement in physical and 
chemical terms of the processes Of develop- 
ment or of secretion ; but it remains* true, 
nevertheless, that the facts we are ascertain- 
ing are apparently nothing but physical .and 
chemical facts, however imperfectly defined. 
Beyond these facts all is more or less empty 
speculation, which scientific men would pro- 
bably do well to avoid. 

For further support the mechanistic theory 
can appeal to the actual history of biology, 
and particularly of physiology. Apart from 
the constant controversies (to which reference 
will be made shortly) between mechanists 
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and non>mechanists, the history df physiology 
displays uninterrupted progress hi the suo 
cessful application of physical and chemical 
methods to physiological problems. To take 
only a few examples, the principles of 
mechanics were aj^lied by Borelli to eluci- 
’ 'date the actio^ of the muscles on the limbs. 
Kepler applied tl^e principles of optics to the 
action of the eye -in vision. Harvey estab- 
lished and analysed the facts relating to 
circulation of the blood by the application 
of purely physical observation and reason- 
ing. ^s,a result of the great advance in 
chemistry ^at the end of, the eighteenth 
centu»y» the fundamental facts with regard 
to respiration and its relation to nutrition 
and animal heat wpre discovered; and since 
then the application of chemical methods 
to physiological problems has been continued 
with unbrdken success. In more recent 
times the. advance of physical chemistry 
has placed new and pow^ful weapons in the 
hands of physiologists. It is doubtless the 
case, that the application of chegiistry to 
physiology has also shown us that the 
chemisby of life is far more complex than 
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was formeily suspected. This, however, 
cannot legitimately be used as an argument 
against the mechanistic theory : for the pro- 
gress which has been made by applying 
chemical methods is solid progress, to which 
there has been no set-back, though the goal 
has turned out to be furtl\er away than' 
appeared to be the case ^bout the middle 
of last century, at the time of the general 
movement among physiologists towards the 
mechanistic theory. It is, perhaps, on the 
chemical side that physiology has made its 
most striking advances i* recent tjme§; but 
on the physical side the advance has also 
beeih continuous. o • 

We may now turn to some of the argu- 
ments which have been iised in favour of a 
non-mechanistic interpretation of biological 
facts. Perhaps the most striking fact with 
regard to physiological phenoriiena is the 
evidence they present of activity co-ordinated 
in such a manner as to conduce towards the 
survival of either the individual or the species. 
Co-ordin(^tion of a similar striking kind is not 
found anywhere outside the organic world; 
and the mere existence of this co-ordination 
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has been taken as strong evidence for the 
presence in living organisms of* some co- 
ordinating influence apart from blind physical 
and chemical forces. 

The reply to this argument is that many 
ofN;he mefcbenisms'by which co-ordination is 
T)rought about .have already been discovered, 
and that every ye§r more is being discovered 
about them. Descartes, in his writings about 
the nervous system, was the firs^to point the 
way in this line of discovery. He suggested 
nervous mecTianisms, by means of which 
afferel^ sj^imuli an4 muscular responses are 
co-ordinated; and since his time the theory 
that the nervous system is at bottom nothing 
more than a complex system of reflex mechan- 
isms has been experimentally verified in mapy 
directions, and ha^ now become a generally 
accepted physiological doctrine. The reflex 
actions associated with consciousness are evi- 
dently so complex that their gradual analysis 
. may take generations of research work. We 
have also to bear in mind that many forms of 
nervous activity are excited or influeneed by 
* chemical stimuli acting, not on peripheral 
afferent nerves, but on the central nervous 
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system. Thus the nSrvous mechanism b) 
vtiiich the breathing is so regulated as to brin^ 
to the lungs just the requisite quantity of air; 
in spite of rapid and enormous changes in the 
volume of air required, is actuated by chemical 
stimuli conveyed to the respiratory centroiiy 
the blood which bathes it. ,The nervous of 
other mechanisms by means of which the 
activity of the heart and the distribution of 
blood in different parts of the body are pro- 
perly regulated have also been, to a large 
extent elucidated. * 

It is not, however, in conne^tio^i with 
the nervous system 'only that oo-or^inating 
m^hanisms have beeg cdiscovered.c ^It has 
been known fSr long that chemical substances 
produced by the activity of one organ are 
conveyed by the blood to other organs, in 
which they excite activity of such a nature as 
to maintain the normal structure; composition 
and functional activity of the body as a whole. 
Thus the secretory action of the kidneys 
varies according to the nature and amount 
of the i^rious substances discharged into the 
blood, or withdrawn from it, by other organs. „ 
If, fm instance, an excess of water is taken up 
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from the intestines, it is rapidly ^ rid of 
through increased excretion by the kidneys : 
while diminished excretion balances excessive 
withdrawal of water from the blood, as by 
sweating. The kidneys respond in a similar 
m^ner to excess &f urea, sugar, inorgitnic 
salts, acids, or alkalies, etc., the result being 
that the normal composition of the blood is 
kept constant within small limits. Another 
similar case is that of the liver, •which forms 
or discharges various important substances in 
response to chemicq| stimuli conveyed through 
the'blSDd. Y Physiological investigation is con- 
stantly discovering new cases in which the 
activity ^f one organ is edited by the 
chemical products of aHivity in other organs. 
In all these cases the responge follows the 
stimulus, the cause the effect, with unerring 
accuracy. Apart altogether from the nervous 
system, therefore, the body is full of mech- 
anisms for the co-ordination and control of 
functional activity. The nervous system, 
indeed, has come in recent year? to appear 
much less important than was formerly 
•supposed in the co-ordination of physiological 
activity; and it seems to be only in 'cases 
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where very rapid control is required that th( 
nervous system plays an important part. 

It is not merely in the case of functiona 
activity that chemical stimuli play an im 
portant part: for evidence is now steadilj 
accumulating that the co-drdination of groi^th 
and maintenance in different parts of the body 
is dependent on the action of chemical sub- 
stances conveyed from part to part by the 
blood and lymph circulation, or by simple 
diffusion from one contiguous part to another. 

, Some of the most striking evidence in this 
direction has been afforded by tljC'^raor- 
dinary effect on growth arid nutrition which is 
produced by removal or disease of such wgans 
as the thyroid gland or the pituitary body. 
Absence of the thyroid completely arrests 
growth, and influences in other ways the 
normal structure of the body; but these effects 
can be annulled by the administration of an 
extract of the thyroid from another animal. 
Hence even such a very small organ as the 
thyroid produces chemical substances which 
excite and control the nutrition of other parts. 
Another well-known case is the influence 
of changes in the generative organs on the 
c f 
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growth and nutrition *of distant parts of the 
body. Although the evidence is, o\fring to the 
great chemical and experimental difficulties, 
accumulating but slowly at present, we cannot 
doubt that the growth and maintenance of 
evfepy part of a living organism is controlled 
by the chemicjij stimuli derived from other 
parts, or from the environment. 

There thus appears to be no difficulty in 
regarding a living organism as a complex 
system of physico-chemical mechanisms, each 
of which is cbntrolled by the rest in such a 
way normal structure and activity of 

the organism is, under ordinary conditions, 
mainUintd. We ciin, moreover, verify the 
- existence of these mechanisms, one by one, by 
exact experiment ; apd their actual existence 
has already been verified in a large number of 
instances. Hence the co-ordination of groviJi 
and activity,’ as found in living organisms, 
presents, in itself, no real difficulties for the 
mechanistic theory. 

We have still to account for the existence 
of physico-chemical structures posseting the 
• marvellous characteristics of living organisms 
— so different from anything found in the 



14 THE MECHANISTIC THEORY OF LIFE 

inorganic world. Herd the genius of Charl( 
Darwin has provided an explanation in hai 
mony with the mechanistic theory. No typ 
of organism can survive in which the physic 
logical mechanisms are not so constituted an 
so co-ordinated that the \)rganistn is capdbl 
of completing a life-cycle .culminating ii 
the transmission of a similar structure to it 
descendants. Those organisms and their de 
scendants which have varied in structure in i 
direction which gives them a smaller proba 
bility of surviving will become extinct in th< 
fierce struggle* for existence whiph«-^6evaih 
everywhere among living organisms. On the 
other hand, those which«have varied in such 
a direction as to give them a greater proba- 
bility of surviving will increase and multiply, 
displacing the inferior types. Hence by the 
blind operation of natural selection through 
countless ages higher and higfher types of 
organism will be produced. 

The wonderful complexity, accuracy, and 
co-ordination of the physiological mechanisms 
found within the bodies of living organisms 
can thus be accounted for on purely mechani- 
cal principles. All that it is necessary to 
c f 
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assume is that organisnls transmit their struc- 
ture to their descendants, but in such' a manner 
as to permit of slight variations, on which 
natural selection then acts in such a way that 
the structure is, generation by generation, more 
and -more perfected' and elaborated. With 
this perfecting of the structure which makes 
for the survival of t^ie species there, of course, 
goes hand in hand the elaboration of the 
mechanism neededfor securing th® inheritance 
of the more perfect structure. 

On the essehtial mechanism of hereditary 
transiSjsieio^, recent investigation, and par- 
ticularly the work of Weismann, has thrown 
a flood^f light. The^erm-plasm, from which 
r-parent and offspring are alike developed, is, 
we have now reason to believe, passed on 
qualitatively unaltered, or almost unaltered, 
from parent to offspring. It is constantly 
increasing in Amount by a simple process of 
growth or quantitative increase ; but as regards 
chemical structure and composition it remains 
the same. The offspring resembles the parent 
for the simple reason that both originate from 
material which is qualitatively identical, and 
which is plained originally in qualitatively the 
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same physical and cliemical environment. 
This being so, the only possible result is that 
the offspring resembles the parent. 

The actual origin of living organisms from 
inorganic matter is still wrapt in mystery. 
We have not yet succeeded in producing in 
the laboratory anything really resembling any 
known living organism. „ This, however, is 
not to be wondered at, since all the organisms 
which we aft present recognise as such are 
now known to be descended through count- 
less generations from their first progenitors. 
Throughout these countless geii^^tlons 
natural selection has continuously acted, 
gradually evolving a complexity ofr structure 
which we can never hope to imitate by < 
laboratory experiments. *■ 

It is possible, nevertheless, to imagine 
how life may have originated. We can now 
form in the laboratory carbon compounds 
with protein characters which approach in 
some degree in complexity to the natural 
protein compounds found in protoplasm ; 
and w$ may assume that the first step to- 
wards the origin of life was the formation by 
natural means of some variety of protein 
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material. The compfexity of the protein 
molecule is enormous, and its capacity of 
entering into chemical or physical combina- 
tions with other molecules is so great that in 
it we seem to see the possibilities of the evolu- 
tion* of something "possessing the primitive 
characteristics of life. We can imagine such 
molecules combining by aggregation until the 
aggregate becomes unstable and divides into 
two aggregates, each possessing all the original 
properties of the first, and being capable of 
similarly growing and dividing. If the con- 
ditidnSE?%re^ such that this process can go 
on continuously, and that new protein can 
constantly be produced, as is actually the case 
^in vegetable tissues, natural selection will soon 
come into play, and*the evolution of a less 
imperfect, and more definite and complex, 
form of organism will gradually take place. 

A further p&rt of tjje case for the mechan- 
istic theory consists in criticisms of alternative 
theories. The traditional opponents of the 
mechanistic theory may be classed as either 
vitalists or animists. The former niaintain 
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with in the inorganic wdrld, that we must 
assume t^at the processes occurring in living 
organisms are guided and determined by 
some non-physical factor best known as the 
‘vital force’ or ‘vital principle,’ but in 
recent times appearing Under various other 
names. This factor is assumed to act blindly 
and unconsciously, and tQ be in action at all 
parts of the body. The animists also assume 
a non-physical factor ; and this they identify 
with the soul, which is supposed, however, 
to act sub-consciously. For the purposes 
of the present argument the an|mM4£i"may, 
perhaps, be classified along witb the vitalists, 
as the differences between them are for the 
present purpose very small. 

Although outspokeu vitalism has now 
become somewhat excep.tional among biolo- 
gists, or physiologists, and the prevailing 
opinion is in favour of the mechanistic theory, 
yet vitalism in a modified form seems to be 
constantly cropping up in biological , litera- 
ture. The reasons for this are, in part at 
least, fiurly evident. We have only to look 
back to the writings of some of the leading 
advocates of mechanistic ideas in biology to 
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see that in many instances simple mechanical 
theories of various physiological ‘processes 
were put forward without sufficient experi- 
mental evidence of their correctness. Sub- 
sequent investigation has often shown that 
thes» theories were incorrect, and this result 
’ has seemed to he a justification for returning 
to the prevalent yitalistic ideas of earlier 
times. 

As an instance of this we> may take 
Ludwig’s early theory as to the process by 
which urine is' secreted. He supposed that 
urine'^is .separated from the blood in the 
glomeruli of* the kidney by a process of 
>■ -simplo*- filtration, an^ that the dilute liquid 
^thus formed is concentrated during its 
passage down the tqbules by a process of 
osmosis, in which .water passes from the 
tubules back into the blood, leaving the fully 
formed urine**' as a relatively concentrated 
liquid which passes out towards the ureter. 
This theory turned out, when experimentally 
tested, to be far from correct. It is the cells 
lining the tubules of the kidney wljjch are 
the active agents in the secretion of urine; 
and they act against osmotic pressure, picking 
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out from the blood, “and forcing into the 
ducts of {he tubules the various constituents 
of urine. Such a mode of statement seems 
to approximate very closely to vitalism, 
although, as already pointed out, we have 
only to presuppose the existence of suitable 
intra-cellular mechanisms in, the cells lining 
the tubules in order to the observed facts 
with the mechanistic theory of life. 

As another instance we may take the case 
of oxidation processes occurring in the living 
body. It was formerly believe‘d that physio- 
logical oxidation is a comparatively Ajimple 
process, varying in rate, like ordinary oxi- 
dations occurring outside the body, mth the- 
supply of oxygen on the one hand, and of. 
oxidisable food-materialoon the other. When, 
however, the matter camp to be investigated 
by Pfliiger and others, it was found that this 
was not the case ; for the supply of oxygen 
and of food-material could be varied within 
wide limits without altering the rate of 
oxidation. Hence it was concluded that the 
living cell regulates its own oxidation pro- 
cesses, and, indeed, all chemical processes* 
occurring within it. This appears to be a 



VITALISM 


ai 

very vitalistic form of conclusion : for some 
independent factor seems to be postulated 
which regulates the chemical processes 
occurring within cells., From the standpoint 
of the mechanistic theory, however, all that 
nee<F be assftmed i% that the chemical pro- 
cesses occurring within living cells are far 
more complex thari was at one time supposed. 
For one thing, intra-cellular ferments or 
enzymes seem to be largely concerned in 
intra-cellular changes. If, therefore, oxi- 
dations and other intra-cellular chemical 
protases afe dependent on the liberation of 
enzymes, we can readily understand why 
— these*processes do pot increase or diminish 
»«in the same manner as the simpler processes 
commonly met with outside the living body. 
By discovering jkhe nature of the ferments 
concerned, and the conditions determining 
their liberation and mode of action, we may 
hope to be able to give a complete physico- 
chemical explanation of all the phenomena. 
In any case, this seems to be the only line of 
investigation likely to give fruitful^ results, 
’and nothing could be more futUe than to 
rest content with the theory that some 
ai 
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mysterious agency is ‘‘at work, the nature 
of which'^^is beyond physical and chemical 
investigation. 

It is only what might be expected on the 
Darwinian theory of natural * selection that 
the physico-chemical mechanisms within the 
living body should turn out to be extremely 
complex, since these mechanisms are the 
product of natural selection acting through 
countless generations; and it is folly to go 
back to vitalism for the mere reason that 
living organisms do actually turn out to be 
very complex. ^ ,* * 

We must now examine the nature of the 
assumption made by the yitalists, and consider 
to what extent it corresponds with observed 
facts. Vitalism raises no. objection to physical 
and chemical explanations applied in what 
is considered their proper place outside the 
intimate vital processes of living organisms. 
It assumes, however, that these intimate pro- 
cesses are guided or controlled by an influence 
which is manifested only in living organisms, 
and wh|«h acts in a manner wholly different 
from anything known in the inorganic world.^ 
The reason for making this assumption is 
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that living organismii* seem everywhere to 
present evidence of an autonomy of Iheir own. 
They seem to go their own way, and pur- 
sue their, own ends, in spite of all kinds of 
disturbing conditions. In a physical and 
chemical environment which is constantly 
* changing in one respect or another, they 
develop or maintain certain characteristic 
peculiarities of structure and activity, and 
pursue a characteristic life-histpry. Mech- 
anisms which would cause them to do this 
under the very varied conditions which they 
exp^encCySeem hardly conceivable. Hence 
we must assume in the case of each 
)rgamsm *the pres^ce of some influence 
ivhich is constantly guiding in the right 
lirection the other^se blind physical and 
chemical processes ^itbin the living organism. 
This assumed influence is best known under 
the name of <vj^l force’; but such a name 
is evidently unsuitable, as the word ‘ force ’ is 
usually employed to designate physical and 
chemical phenomena of a very different 
character. The expressions ‘ vital pjpnciple,’ 
•or ‘ entelechy ’ (proposed recently by Driesch) 
are more suitable. 
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The manner in whiclfthe mechanistic theory 
endeavoufs to meet the objections of the 
vitalists has already been indicated, but will 
be examined more closely in the second lecture. 
Meanwhile let us see what are the objections 
to vitalism. 

Assuming the vitalistic theory, the simplest 
observations show us that the action of the 

f 

vital principle is dependent on physical and 
chemical pooditions of environment, and on 
the physical and chemical structure of the 
organism. If, for instance, the temperature 
is too high or too low, or if thp supply of 
oxygen, or even of some inorganic salt, is cut 
off, all characteristic sigi^ of life soon «ease- 
The same is the case if the finer structure of, 
the living material has bpen seriously damaged 
by physical or chemical agents. It is thus 
only under certain limiting physical and 
chemical conditions that the vital principle 
can manifest itself. Provided, however, that 
these liming conditions are present there 
appears, at first sight, to be a wide field for 
the molestation of the influence of the 
vital principle. If, for instance, a certain” 
minimum of oxygen or of food-material is 
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present, the organism selects just what it 
requires for its growth and maintdhance, re- 
jecting or excreting all that is superfluous. 

Let us examine the matter more closely, 
however. The further physiological investi- 
gaticoi is carried, the more clearly does it 
* a|>pear that the.co-ordinated action by which 
different parts of an organism work together 
for the maintenance of the whole depends on 
chemical substances or physical, disturbances 
conveyed from part to part of the living 
substance. The behaviour of each part is 
notQnerelj^ qualitatively, but also quantita- 
tively dependent on these chemical and 
—.4)hy steal influences.^ The respiratory centre 
• responds to the minutest alterations in the 
partial pressure of ^carbon dioxide in the 
blood, and the kidqey to the smallest varia- 
tions in the concentrations of water or 
sodium chloride or hydrogen ions. Every- 
where in the living body we find, on close 
examination, this close and accurate depend- 
ence of vital activity on the physical and 
chemical conditions in the immediate environ- 
ment It is, therefore, only from an outside 
and superficial point of view that there 
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appears to be something in a living organism 
which acts, within limits, independently of 
the physical and chemical conditions of en- 
vironment. The apparent autonomous selec- 
tive action of the organism turns out to 
be causally dependent in every detail on 
physical and chemical conditions. The vit&l 
principle, if it exists, is therefore determined 
in its action by those conditions: we can 
never isolate and clearly identify its action. 
As a positive scientific working hypothesis it 
is thus useless; at the best it only serves to 
express our ignorance of the exact meads by 
which the parts of a living organism are 
caused to react in a certain manner ho a 
physical or chemical change. This being so, * 
the advocates of the mqphanistic theory may 
well ask whether vitalism has any real 
justification. 

To illustrate the force of this question it 
is only necessary to refer to the main argu- 
ment for vitalism in the recent writings of 
Driesch. As is well known he discovered 
that in^the earliest stages of embryonic 
development the cells of the embryo may be« 
separated completely from one another, or 
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their mutual srrangenfent may be completely 
altered by mechanical means, and yet one of 
the separated cells, or the disarranged collec- 
tion of cells, may develop in a perfectly 
normal manner. Here we have presumably 
disananged the ncfrmal mechanism for de- 
v^opment, and yet normal development 
occurs. From this Driesch concludes that 
a factor is present which acts independently 
of physical and chemical stimuli, and which 
he calls ‘ entelechy,’ and identifies with the 
old ‘ vital force.’ 

!N^w the^e is no evidence at all that each 
cell, in growing and dividing in the one 
-partkularnnanner w^ich constitutes normal 
••development, is not determined by special 
physical and chemical stimuli peculiar to its 
position relatively to the other cells, and to 
the external environment. We do not yet 
know what these stimuli are ; but probably 
no physiologist would doubt that they exist, 
and will be discovered when our methods 
are fine enough. Hence Driesch ’s argument 
for an independent vital force brealis down 
entirely. 

A further objection to vitalism^ is that it 
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implies a definite breach in the fundamental 
law of conservation of energy. As already 
mentioned, every experimental investigation 
has hitherto resulted in a verification of this 
law in the case of physiological phenomena. 
Any ‘ guidance ’ of living orgailisms by the 
„ vital principle would imply a creation or 
destruction of energy; ^d this would be 
the case even if the energy created in the 
living substance were again destroyed before 
it could escape to the outside, and so become 
measurable. The reply that this creation or 
destruction of energy may be^ extremely 
small is not one which can satisfy a scientific 
investigator. A principle which" has«fcs3»- 
verified again and again under til sorts of*> 
conditions cannot be <set aside except on 
definite experimental 'evidence ; and this is 
entirely lacking. 

Still another objection to vitalism depends 
upon the fact that in order to * guide’ 
effectually the excessively complex physical 
and chemical processes occurring in living 
materid, and at many different parts of a 
complex organism the vital principle would 
apparently^ require to possess a superhuman 
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knowledge of these processes. Yet the vital 
principle is assumed to act uncohsciously. 
The very nature of the vitalistic assumption 
is thus totally unintelligible. From this 
point of view also the hypothesis is useless : 
for ewn if we cannot completely understand 
a living organism by the aid of physics and 
chemistry, we do ,not improve matters by 
postulating an agency which is itself entirely 
unintelligible. , 

In one form or another these objections 
to vitalism have been urged repeatedly, and 
thepe has b^en no satisfactory reply to them. 
On the other hand, there have been very 
efifactive *etorts from the vitalistic side 
«against ther mechanistic theory. It is not 
these retorts that coiy;ern us at present, how- 
ever, but the inhe]:ent untenability of the 
vitalistic position. If the mechanistic theory 
is wrong, this does not prove that the theory 
of the vitalists is right, so that the objections 
to vitalism lose none of their force. 

Let us now try to sum up the position 
reached at the end of this lecture. The 
mechanistic theory of life has been stated in 
outline. It evidently affords to biologists a 
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perfectly clOar working hypothesis— that the 
peculiar phenomena of life are due to the 
play of the physical and chemical environ- 
ment on intra-protoplasmic mechanisms which 
have been evolved through the influence of 
natural selection acting 'for ages. If this 
theory is correct, the aim of biology is to 
unravel the mechanism ; ^nd biology itself is 
nothing but a branch of physics and chemistry, 
which we n\^y, if we like, distinguish as bio- 
physics and bio-chemistry. The alternative 
hypothesis of the vitalists has been shown to 
be unproved, unintelligible, an^. prac^cally 
useless as a scientific working hypothesis. 

In the next lecture the mechanistic tk««>y 
itself will be examined. 





' LECTURE II 


CRITICISM OF THE MECHANISTIC THEORY 

In the last lecture it was shown that the 
position of the vitalists is wholly unsatisfac- 
tory ; but it does not follow from this that the 
mechanists are right ; and those engaged in the 
observation ,/)f living organisms can hardly 
'escape feeling an instinctive distrust of the 
mcdhtnisti^ theory, in spite of the confidence 
with which it has been urged up(pi the world 
during the last fifty years, Somehow or other 
a living organism never seem to be a mechan- 
ism, however often it may be called one. The 
closer the examination, the. more confirmed 
does this impression become, always provided 
that we are studying living organisms them-* 
selves, and not merely their dead bodies, or 
material which has been removed from their 
bodies. 

Apart from arguments of a general or philo- 
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sophical character, th6 main strength of the 
mechanistic theory arises from the fact that all 
physiological activity is apparently dependent 
on physical or chemical ‘causes.’ Whether 
the cause be physical disturbance, heat, light, 
or the presence of one or other’of numerous 
chemical substances, it is always somethfng 
definite. The physiologist, however, usually 
calls the cause a ‘ stimulus,’ and it must in the 
first place be pointed out that in identifying 
stimulus and response with physical or chemi- 
cal cause and effect the mechanistic theory 
makes a gigantic leap in the dark^^ 

To make this matter clear, we may take one 
or two examples, A minute and scaveely 
measurable increase in tfie hydrogen ion cono 
centration of the blood excites the respiratory 
centre of a normal warm-blooded animal to 
intense activity. Similar minute alterations 
in the concentration of water, or sugar, or 
sodium chloride, or hydrogen ions, have a 
corresponding influence on the secretory 
action of the kidney ; and cases of a similar 
kind, where both growth and physiological 
activity are similarly influenced, may be mub- 
tiplied indefinitely. 

C 
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In all these cases the? response depends upon 
the ‘excitability’ of the responding tissue; 
and when we examine the matter further we 
find that the excitability is dependent on a very 
large number of conditions, most of which are 
presumably ‘still rfnlmown. Moreover, the 
excitability varies in response to very minute 
changes in the envijhnment, just as is the case 
with the original response to the stimulus. 
The presence or absence of some blood- 
constituent, normally present perhaps in only 
the^ minutest proportions, may profoundly 
affett the V$xcitability of any tissue: or its 
response may be modified or * inhibited ’ by 
excitation'* of other ^ parts. It is true that 
•physiologists can obtain a constant response to 
a given stimulus; hut this is only the case 
if the conditions are ‘normal.’ In living and 
intact organisms nature provides us with nor- 
mal conditions.'* The more cjirCfully the matter 
is investigated, however, the more clearly does 
it appear that ‘normal conditions’ designate 
something of vast and unknown complexity. 
The fact that such conditions should be realised 
Ugain and again in different individual organ- 
isms, and in the same organism at different 
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times, is so familiar that its extraordinary 
characterf from the physical and chemical 
standpoint, usually escapes attention. 

It may be urged that the immense complex- 
ity and delicacy of the physical and chemical 
conditions on which physiologicftil responses 
depend does not in itself furnish any reasons 
for doubting the mechan|stic theory of life. 
This is doubtless true ; but the point must be 
emphasised ^hat in the case of stimulus and 
response there is in reality no experimental- 
evidence whatsoever that the process can be 
understood as one of physical ^nd chemi- 
cal causation. In the case of .physiologicid * 
stimulus and response no real quantitative 
relation can be traced between the supposedo 
physical or chemical cpse, and its effect. 
When we attempt to trace a connection we 
are lost in an indefinite maze of complex con- 
ditions, out of which the response emerges. 1 1 
is of little use to point out that in many cases 
the determining cause of a physical or chemical 
change may be something very small as com- 
pared with its effect. The turning of a switch, 
or opening of a valve, or application of a tiny 
spu'k, may, for instance, produce gigantic 
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effects. In all these tases we can trace the 
chain of cause and effect, whereas in the physio- 
logical case we cannot. Let it be granted 
that hope may be entertained of some day 
tracing the physiological chain. It is never- 
theless cleffr that? the existence of such 
a 'hope, however confidently expressed, must 
not be confused \yith evidence.^ In recent 
years it has become the custom to speak 
of the ‘mechanisms’ of physiol9gical activi- 
ties. Until these supposed mechanisms have 
been actually discovered it would be better 
not- to u^e language which implies far 
than .what our present knowledge 
warrants. 

« The failure to be* able to trace, at present, 
the causal chain •between stimulus and 

^ It appears to me that« very striking instance of this con- 
fusion is furnished by the reasoning which runs through Pro- 
fessor Loeb’s recently publislied essay on The Mechanistic 
Conception of Life (Chicago, and Cambridge University Press, 
1912). Thus after describing the observation that an un- 
fertilised ovum may be excited to development by various 
means, such as placing the ovum for a short time in hypertonic 
sea-water, or simply piercing its outer membrane with a needle. 
Professor Loeb proceeds to draw the extraordinary conclusjpn 
^ that the process of the activation of the egg by the sperma- 
|ozoon, which twelve years ago was shrouded in complete 
darkness, is to-day practically reduced to a physico-chemical 
explanation.’ 



36 CRITICISM OF MECHANISTIC THEORY 


response implies equal* failure in tracing the 
stream of^matter or of energy through a living 
organism. We cannot tell what exactly be- 
comes of the atoms and molecules which pass 
into the body — how far^ or in what sense, they 
are built up into the living tissue, or ip, what 
way their potential energy. is immediately 
utilised. We must not mistake measurements 

f 

of the balance of matter or energy entering 
and leaving the body, for information as to the 
manner in which this stream passes through 
the living tissues. 

In the previous lecture we saw^that in^ the 
historical development of phyjsiology thcus* 
has been a continuous accumulation of facts, 
obtained by the application of physical an^ 
chemical methods to physiological phenomena. 
The limits which the vitajists have attempted 
to set to this accumulation of knowledge have 
been broken down again and again, and there 
is no reason to suppose that there are any 
limits. The leaders of the mechanistic phy- 
siology have been completely justified to this 
extent, and we may rest assured that to this 
extent physiology will never go back on the 
step which they took. Our knowledge as to 
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physical and chemical conditions which deter- 
mine excitation and excitability, taking these 
words in their widest sense as applying to 
the whole of the elementary phenomena 
with which physiology and morphology deal, 
has grown fcontiniibusly, and will continue 
to* grow. No physiological or morphological 
phenomenon is bey9nd investigation on similar 
lines; but the results of such investigation 
are by no means identical with ,the gradual 
establishment of a definite causal connection 
between stimulus and response. There has 
been mucl\ unconscious confusion on this 
* JWTnt. 

We must now proceed to examine the 
<ibelief, at present very prevalent, that the 
progress of physiology is leading to a gradual 
verification of the mechanistic theory of life. 
It has already been pointed out how depend- 
ent the progress of biology, and particularly 
of physiology, has been on that of physics 
and chemistry. This undoubted fact has 
been taken as evidence that physiology is 
becoming a physical and chemical sciende, 
and has commonly been coupled with the 
assertion that with the help of these methods 

c2 
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great progress has b€hn made in resolving 
physioloffy into ‘ bio - physics ’ and ‘bio 
chemistry.’ 

Now it does not follow at all that because 
physiology makes use of physical and 
chemical knowledge and fnethods it must be 
nothing more than physics *and chemistiy. 
All depends upon the nature of the facts 
revealed by the use of these methods. We 
might as well argue that because physicists 
and chemists make use of their sense-organs 
and brains their science must be a branc^ of 
physiology. The real question concerns the 
nature and general tendency ‘of the c^!P 
elusions actually attained by physMogists^ by 
whatever legitimate means these conclusions* 
have been reached. r 

In surveying the general trend of physio- 
logical progress it is somewhat difficult to 
know where to begin. From the early modern 
times we find the idea present that the 
activity of some peculiar agency distin- 
guishes living from non-living things. At 
tl^ time of Descartes, for instance, it was 
generally held that apart from the conscious 
animal spirit or soul, a living body is domin- 
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ated by specific ageneies known as the vital 
and vegetative ‘ spirits.’ \ 

Descartes was the first to put forward a 
thorough-going mechanistic theory of the 
working and development of the animal 
body^ His De Hontne and De Forma- 
tibne Foetus are works of great biological 
interest, on .Recount of their influence on 
subsequent thought. The body is repre- 
sented, in so far as physiological knowledge 
extended at the time, as nothing but a piece 
of mechanism'; and its development is also 
represented as a simple mechanical process. 
*''^e animaf spirits are depicted as a subtle 
fluid separated and filtered off into the 
(.ventricles of the brain by a purely mechanical 
process. The afferent nerves are supposed 
to be fine fibres leading up to the ventricles 
of the brain and connected with valves open- 
ing or closing, the upper ends of the efferent 
nerves. These latter are supposed to be 
tubes conveying the animal spirits from the 
ventricles. As a result of any sensory or 
afferent stimulus the threads are pulled, said 
ihe connected valves consequently opened, 

with the result that the * animal spirits ’ rush 

% 
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down into the muscles supplied by th( 
efferent oerves, distending them and thu! 
causing them to shorten. According to th< 
arrangement of nerve-fibres or tubes,' anc 
valves, one forna of reflex action or anothei 
follows any given sensovy stiiAulus. „ The 
chief motive power for the whole of the 
mechanisms by which Descartes suggested 
that the human body is worked and develop- 
ment brougjit about was furnished by sup- 
posed fhythmical expansions of the blood in 
the heart, owing to chemical explosions. 

The greater part of the physiology of 
Descartes was extremely crude, and lacking 
in experimental foundation. This* crudwiess 
stands out in strong relief against the fan 
sounder, but at the s^me time far more 
limited, observations and reasoning of Harvey, 
whose writings had greatly influenced Des- 
cartes. Nevertheless the mechanistic ideas 
first put forward in a thoroughly systematic 
form by Descartes have continued to influ- 
ence biology up to the present day. 

'^f we trace the history of physiology on- 
wards from the time of Descartes we find 
constant conflict between mechanistic and 
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non-mechinistic theories, with all sorts of 
intermediate shades of opinion. The physi- 
cal and chemical mechanisms assumed by 
Deseartes and others who succeeded him 
were gradually proved to be non-existent or 
non-Qffectivfe, and new mechanisms took their 


pface. With each new discovery of structure 
or function th.ere came fresh modifications of 
mechanistic theories, and fresh objections to 
them. The discovery of respiratory exchange 
in the latter part of the eighteenth cen- 
turjr, the subsequent general application of 
chemistry in physiological investigation, and 
introduction of the compound microscope 
early last eentury, were potent factors in this 
Development. * 

Up till nearly th(| middle of last century 
the prevailing physiological opinions were on 
the whole more or less vitalistic, and they are 
fairly reflected* in Johannes Muller’s famous 
text-book of physiology. Physical and* 
chemical explanations of all processes occur- 


ring outside the actual living substance of the 
body were freely accepted, for instance, 


all that happens in the liquids enclosed with- 


in the body and for its external mechanism 
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generally. The finer <regulation of growth, 
nutritionn muscular and nervous functions, 
was believed to be regulated by the ‘vital 
force.’ Muller had himself taken apromment 
part in disproving by his microscopical ob- 
servations on glands the mechanistic tl^eories 
previously prevailing with regard to secretion, 
and his numerous observatiops on growth 
and development had led him in the same 
direction. 

Among tiie younger physiologists about 
the middle of the century there arose, how- 
ever, a very strong reaction against vitalism 
and in the direction of mechanistic theoriee?'* 
Schwann, the discoverer of the fapt tba^the 
bodies of the higher aniinals are made up o|, 
cells, believed that be, had also discovered 
that cells are deposited from the body liquids 
by a process akin to crystallisation. This 
hypothesis, of course, struck ajt the very roots 
of vitalism. Within the next few years 
attack after attack was aimed at all the 
apparent strongholds of vitalism. Du Bois 
"'ficymond published observations pointing to 
an electrical theory of propagation of nerve 
impulses ; Ludwig and others devised new 
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mechanical theories of secretion and absorp- 
tion; Liebig, though himself a vitldist, put 
forward purely chemical theories of various 
phy^logical processes; Mayer pointed out 
the source of the energy of animal move- 
ment ^ and last of all came the publication 
of*Darwin’s Ori^n of Species. 

Vitalism ittelf was also vigorously and 
directly attacked, and its utter weakness 
pointed out. Perhaps no mor^ clear and 
convincing demonstration of the untenability 
of tijie vitalistic position has ever been given 
than in du^^ois Keymond’s introduction to 
ISs Untersuchungen ilher thierische Elektricitat 
pubfished in 1848. 

• The momentum of the intellectual move- 
ment of that time has lasted to the present 
day, and the influence of this movement has 
spread in ever-widening circles. But we are 
not concerned with this, nor with the fate of 
vitalism, but with the further progress of the 
experimental verification of the mechanistic 
theory. From this standpoint all that can be 
said is that the mechanistic theory has, on tllie 
Whole, fared very badly. Schwann’s simple 
mechanical theory of growth was^based on 
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imperfect observation,” and has long been 
abandon^. We now know that all cells 
are formed by division of pre-existing cells, 
and that the problem of the process of®6ell- 
growth and cell-nutrition is not one which 
we have at present any prospect of solving 
in a mechanistic direction. * Nor is it any 
better with the problemg oOSecretion and 
absorption. Thanks to the work of Ludwig 
himself, of ^^leidenhain, and a host of other 
investigators, we now know far more than 
was known at the middle of last centji^ry 
about secretion and absorptions^ but their 
‘ mechanism ’ is further away than evef;’ 
When Johannes Muller suggested that° the 
processes of secretion and absorption are> 
akin to the processes oof growth he was 
doubtless far nearer the truth than his 
immediate successors : for secretion and 
absorption are evidently only phases of the 
many-sided metabolic activity which we 
designate by the name of cell-life. We have 
v^ade great progress in learning how many- 
siUed, and how orderly, this cell-life is, but 
none at all in explaining how this life is 
ordered and maintained. 
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The simple chemical theories of the re- 
spiratory and other metabolic processes 
occurring in the body have likewise dis- 
appAnred* The work of Pfluger, Rubner, ahd 
others has proved that in the living body 
all thpse prbcesse» are regulated with the 
uttnost nicety, ♦and that the seat of the 
regulation life^ within the living cells of 
the body. By what physical or chemical 
process regulation is brought about we do 
not know. We have not even discovered 
the agents employed in the process, although, 
as already pointed out, there is reason to 
"iijelieve that, in many instances at leasts these 
agents are ptra-cellular enzymes. 

* It has become evident also, that no simple 
physico-chemical thepry of muscular or other 
physiological moveipents will suffice. The 
processes which determine visible movement, 
or transmission, of excitation in living cells, 
are an integral part of the many-sided 
activity of the living cell, so that the 
elementary problems of physiology cannot 
be solved piecemeal. A physico-chemioai 
explanation of muscular movement, or of 
secretion, or cell-nutrition, or nervous excita- 
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bility, would thus be a solution of the whole 
problenvvof life. With every year of physio- 
logical advance, however, we seem to get 
fuVther and further away from any pwSpect 
of such a solution. It was only through the ' 
prevailing ignorance of ^physiological, facts 
that the physiologists of the middle of last 
century imagined that they wjgie approaching 
a physico-chemical solution of elementary 
physiological problems. To us Schwann’s 
theory of cell-growth seems almost as crude 
as Descartes’ extraordinary theory of ^the 
mechanism of growth and development. 

In the physiology of the central nervotfS’ 
system the main progress during the Iasi half- 
century has been in Connection with th? 
localisation of function: and tracing of paths 
of physiological connection. Until recently, 
at least, but little has been done in the 
direction of a thorough ex^ination of the 
elementary problems presented by the 
simplest cases of ‘ reflex ’ action. The work 
of Sherrington and others is now, however, 
throwing new light on these problems, and 
it seems quite clear that the old idea of simple 
and definite ‘reflex mechanisms’ in the 
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central nervous systenf must be i^andoned. 
In the nervous system physiologists^are also 
faced with the problem presented by the re- 
covefses of functional activity after destruc- 
*tion of centres or nerve paths on which this 
activity nornaaljy depends. In the case of 
other parts of the body this recovery of 
function is al|Q^evi4ent enough ; but in the 
central nervous system dilFerentiation of 
function is so complex and definite that 
recovery of functions stands out as a fact 
of extraordinary interest and significance. 
For this pher^omenon it is difficult to imagine 
ally physico-chemical explanation. 

To* sum ap, the application to physiology 
oi new physical and* chemical methods and 
discoveries, and the work of generations of 
highly-trained investigators, have resulted in 
a vast increase of physiological knowledge, 
but have also shown with ever-increasing 
clearness that physico-chemical explanations 
of elementary physiological processes are as 
remote as at any time in the past, and that 
they seem to physiologists of the present tim% 
far more remote than they appeared at the 
middle of last century. 
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Probably no competent physiologist will 
deny this. But, it will be urged, it is only what 
might be expected that vital mechanism, the 
product of untold millions of years of IIBtural 
selection, should be extremely complex ; and * 
the fact that it is so afForcfe no real ground for 
doubting the mechanistic hypothesis. There 
are many phenomena in inprganic nature which 
we do not yet understand, but we do not for 
that reason^regard them as having other than 
physical and chemical causes. 

We must now push our examinatio;;i a 
stage further. Let us assume« that all the 
delicate and persistent reactions met widi 
in the living body are due* to intra- 
cellular mechanism produced by naturi^l 
selection or in any mother way, and see 
whether this assumption will help us to 
understand the facts. First of all, let us be 
clear about what such an ass>umption implies. 
Those who have not studied the physiology 
of the higher and better-known organisms, 
such as man or some mammal, have often 
vbry little conception of the exquisite delicacy 
of physiological reactions. This delic^y 
was hardly even suspected in former times. 
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Eustachius, who was ’probably the first to 
make experiments on secretion « by the 
kidneysj» contented himself with taking a 
dead,^ and probably decomposing, kidney, 
and passing through its blood-vessels such 
liquidit as spirits “of wine or water, and 
observing how ftiuch of these liquids issued 
into the ureter. 1 It is only quite recently 
that we have come to realise the astounding 
fineness with which the kidneys^ respiratory 
centre, and other parts regulate the composi- 
tion of the blood. 

To iUusti*{yte this point I may perhaps refer 
to a subject which we have recently been 
inve^igating at Oxford. We have found 
that the respiratory centre is so extremely 
sensitive to any increase or diminution of the 
partial pressure of carbon dioxide in the blood 
that a diminution 0*2 per cent, of an atmo- 
sphere, or 1'5 TOm. of mercury will cause 
apnoea, while a corresponding increase will 
double the breathing. The recent researches 
of Hasselbalch have afforded experimental 
evidence of what had already seemed vety 
ptobable — that the stimulus to which the 
centre responds is the difference in, hydrogen 

", D 
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ion concentration, or acidity, brought abou 
by the wry slight deficiency or excess c 
carbon dioxide. He has also investigate 
quantitatively the effects on the hyftroge 
ion concentration of the blood of varying th 
partial pressure of carbon'dioxide. From hi 
results and ours it follows that the hydrogel 
ion concentration of the, bloo^ during res 
is extraordinarily constant, and remains si 
day by day ^nd year by year. As the amoun 
of acid and alkali passing into the blood iron 
the food and other sources is constaptb 
varying, it follows that the ^^ulation o 
hydrogen ion concentration is mainly brough 
about by the kidneys. It has keen knowt 
for long that the urine varies in acidity oi 
alkalinity according to the diet ; but Hassel 
balch has measured the> actual variations ir 
hydrogen ion concentration. Putting to- 
gether his conclusions and ^urs, it appears 
that during ordinary resting conditions the 
variations in hydrogen ion concentration oi 
X the urine are about a hundred thousand times 
as great as those of the arterial blood. 

Thus the kidney epithelial cells react So 
delicately, to variations in hydrogen ion con- 
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centration of the blood, that the very smallest 
variation in the direction of aciditjjor alka- 
linity excites them to excrete a liquid which 
is, reUtively speaking, intensely acid or alfea- 
' line, the net result being that the normal 
hydrogen idn concentration of^ the blood 
remains practically constant. 

When we' have such figures before us 
we realise the marvellous fineness of the 
regulation by the kidneys and respiratory 
centre. Physiologists are still so much under 
the influence of the old gross mechanical 
theories of secretion that attempts at exact 
"measurements of the delicacy of regulation 
by the ' ki^peys have hitherto scarcely been 
jpade in the case ‘'of regulation in other 
directions, though wp have every reason to 
believe thl^t similar delicacy exists as regards 
the regulation of the water, salts, and other 
blood constitqents. It is hard to realise that 
something which looks under the microscope 
■ like nothing more than a somewhat indefinite 
collection of gelatinous material can react, and' . 
continue throughout life to react, true as the 
finest mechanism oPmgmjr^^fllJfered steel, 
to the minutest chang^iS Set* 
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We meet virith the same delicacy of adjust 
ment in ^he regulation of such things as body 
temperature, blood- volume, or heat-production 
So' accurately does the body adjust its con 
sumption of oxygen and of food-material tc 
its energy requirements that it 'can actually 
be used, as Rubner found, as a calorimeter ; 
for it substitutes consumption'^ of proteins, 
carbohydrates, and fats h>r one another in 
exact proportion to their energy values as 
determined with a calorimeter. In Liebig’s 
time this delicate regulation was altogether 
unknown. It was supposed that any excess 
of protein simply ‘ fell a prey ’ to oxygen, and 
that if the oxygen percentage ^f the air 
was increased, or even if the amount of aij 
breathed was increase4 or the barometric 
pressure was raised, oxidation in the living 
body would increase, just as in the oxidation 
of substances outside the bod^. By accurate 
measurements of the intake and output of 
material and energy the true facts as to the 
rigid accuracy with which metabolism is regu- 
lated have gradually been established during 
the last fifty years. • 

We must, therefore, in considering the 
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mechanistic theory, pilt aside from our minds 
all the hazy ideas of former generations as to 
the structure of living cells being nothing hut 
that bf an indefinite ‘plasma.’ Such ideas 
belong to the early childhood of physiology. 
We pow J:now that ‘simple protoplasm’ 
exists nowhere,' not even among the most 
primitive protozoa .or bacteria. Modern in- 
vestigation of the complex and intensely 
specific functional activities of §very variety 
of living organism or cell has relegated the 
old, ideas, derived from mere microscopic 
examinatiop, to oblivion. What the mech- 
anistic theory must assume in the case of an 
organism Mich as man is a vast assemblage 
«f the most intricate and delicately adjusted 
cell-mechanisms, each mechanism being so 
constituted as to keep itself in working order 
year after year, and in exact co-ordination 
with the working of the millions of other 
cell-mechanisms which make up the whole 
organism. 

This assumption is surely one which taxes 
scientific ima^ation to the utmost, but let 
ift make it and continue the argument. We 
have now to imagine the mechanism of repro- 
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duction and heredity. *This vast organisation 
of cell-mechanisms has all been developed 
from a single cell, itself the product of the 
union of two cells — an ovum and a sperma- 
tozoon ; and we have every reason to believe 
that the hereditary chafacters, which are 
derived through both cells, are carried in the 
two nuclei which unite to form the nucleus 
of the fertilised germ-cell. On the mechan- 
istic theory^ this nucleus must carry within 
its substance a mechanism which by reaction 
with the environment not only produces rtie 
millions of complex and delicabsly balanced ^ 
mechanisms which constitute the adult organ- 
ism, but provides for their orderiy arrange- 
ment into tis|ues and organs, and for thekr 
orderly development iif a certain perfectly 
specific manner. 

The mind recoils from such a stupendous 
conception ; but let us follow the argument 
further. In the previous lecture I gave such 
an account of heredity as is usually given * 
from the mechanistic standpoint. It n^ds 
vdty little consideration to see that this 
account consisted of little more than empty 
words. The germ-plasm was supposed to be 
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nothing more than a collection of material of a 
certaui composition, and capable, in p suitable 
environment, of indefinite quantitative in- 
crease^or growth. Parent and oiFspring were 
supposed to be similar because they had both 
sprung froih germ-plasm of the same com- 
position. This germ-plasm could be added 
to, divided, dr mixed with other germ-plasm 
in sexual reproduction, just as if it were so 
much treacle. 

It seems perfectly clear that germ-plasm of 
so^simple a character as this could by itself 
furnish no explanation whatever of the de- 
velopment 'from it of the adult organism with 
all its enqrmous complication and absolute 
^efiniteness of structure. If the germ-plasm 
were so simple, the cpmplicatidh and definite- 
ness would have to be attributed to its 
environment : whereas all the evidence points 
to the nuclear germ-plasm as the essential 
carrier of hereditary characters. We are thus 
compelled, on the mechanistic hypothesis, to 
attribute to the germ-plasm, or germinal 
nuclear substance, a structure so arranged 
that in presence of suitable pabulum and 
stimuli it produces the whole of the vast and 
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definitely ordered assemblage of mechanisms 
existing ^n the adult organism. Such a 
structure must be absolutely definite and 
inconceivably complex. There is no escape 
from this assumption ; and to speak of 
* plasma ’ when we, mean such a structure is 
clearly absurd. 

This nuclear structure or mechanism must, 

c ^ 

according to the mechanistic theory, have 
been formed within a very short period by 
the union of two others — a male and a female 
one. How two such mechanisms could copi- 
bine to form one is entirely "^unintelligible, 
and the observed details of the process 
tend only to make it, if possible, more, un- 
intelligible. When we' trace each nuclea^ 
mechanism backwards owe find ourselves 
obliged to admit that it has been formed 
by division from a pre - existing nuclear 
mechanism, and this from pre - existing 
nuclear mechanisms through millions of cell- 
generations. We are thus forced to the 
admission that the germ-plasm is not only 
a structure or mechanism of inconceivable 
complexity, but that this structure is cap- 
able of ^viding itself to an absolutely 
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indefinite extent and yet retaining its original 
structure. , 

We might, perhaps, get over the difficulty 
for a generation or two of cells, by assuming 
that the germ-plasm contains, not one, but 
sever^ nuclear nrechanisms, and that only 
onb of these mechanisms comes into play at 
each reproduction, others being left to form 
the germ-plasm of the next generation, or 
otherwise to provide for emergencies. As a 
matter of fact, a theory of this kmd has been 
p^t forward in order to account for the fact 
that, as has been shown so clearly, by Driesch 
and others, not only the germ-cells, but also 
other cells^n the developing embryo, or even 
jn the adult organism, may, on occasion, give 
rise to the reproduction of a whole organism. 
It has been supposed that parts of the original 
germ -plasm, or, in plain English, nuclear 
mechanisms capable of giving rise to the re- 
production of a whole organism, may and do 
pass into ordinary somatic cells, as well as into 
the direct line of future sexual reproductive 
cells. « 

'.This far-fetched hypothesis only makes 
matters worse for the mechanistic^ theory of 
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heredity ; for we have to account, not for only 
one, but for a large number of stupendously 
complex reproductive mechanisms within the 
original germ-plasm, and for their endless 
division and multiplication. The real difficulty 
for the mechanistic theory is that we are 
forced, on the one hand, to postulate that the 
germ-plasm is a mechanism of enormous 
complexity and definiteness, and, on the other, 
that this mechanism, in spite of its abso- 
lute definiteness and complexity, can divide 
and combine with other similar mechanisn^s, 
and can do so to an absolutely indefinite 
extent without alteration of its structure. 
On the one hand we have. tq. postulate 
absolute definiteness of* structure, and o^ 
the other absolute indefisiiteness. 

There is no need to push the analysis 
further. The mechanistic theory of heredity 
is not merely unproven, it is impossible. It 
involves such absurdities that no intelligent 
person who has thoroughly realised its 
meaning and implications can continue to 
hold it. 

It may, perhaps, be argued that although 
a mechanistic theory of reproduction appears 
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to be impossible, this need not affect the 
practical value of the mechanistic theory in 
biology. In ultimate analysis the ordinary 
working conceptions of physics and chemistry 
present great difficulties ; but no one doubts, 
for Qicample, the* practical value of the 
hypotheses ^of mass, energy, atoms, and 
molecules. Sinylarly, there may be ultimate 
difficulties about a mechanistic theory of life, 
and yet the ‘practical value of, this theory 
may remain. 

iThere is ^ertainly some truth in this 
_ argument. , ,We often treat a living organism, 
or some portion of it, as if it were nothing but 
a coQection of ordinary matter, or a machine 
actuated by the ordinary forces ot nature. As 
will be pointed out* more fully below, this 
mode of treatment is sometimes the best 
that is practicable, and its value cannot be 
doubted. In so treating the facts we are, 
however, leaving out of account almost all 
those phenomena which are apparently specific 
to living organisms, and with which biology 
ipainly deals. In actual fact the Mure 'of 
the mechanistic theory of reproduction cuts 
deep into our conceptions of almost every 
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detail of biological fact and investigation. 
Biology deals at every point with phenomena 
which, when we examine them, can be re- 
solved into metabolic phenomena— ex6hange 
of material and energy, as exemplified in 
growth, development, maifltenance, secretion 
and absorption, respiration, gross, movements 
in response to stimuli, aijd ,other excitatory 
processes. Now metabolism is itself a con- 
stant procesi^ of breaking down and reproduc- 
tion of what is living. There is no reason 
for separating the reproduction of a whole 
organism from the constant reproduction of ^ 
parts of it in ordinary metabolic process. 
Hence pur conception of heredity in^lves 
every part of biology ; and if we cannot frame 
a mechanistic theory ‘bf heredity we are 
equally at a loss in connection with the 
ordinary phenomena of nietabolism, and we 
have no right to use mechanistic hypotheses 
in connection with these phenomena. We 
have also seen already that the ascertained 
facts do not in any case point to mechanistic 
thfeories of the ordinary activities with which 
biology deals. “ 

As a physiologist I can see no use for 
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the hypothesis that *life, as a whole, is a 
mechanical process. This theory ^oes not 
help n^e in my work ; and indeed I think it 
now hinders very seriously the progress of 
physiology. I should as soon go back to 
the mythology of ^ our Saxon forefathers as 
to the mechanistic physiology. 

Although the mechanistic theory of life 
will soon become a matter of past history, 
there can be no doubt that it has filled an 
extremely valuable part in the development 
of^physiology. Again and again mechanical 
theories of oift sort or another have served 
as temporary working hypotheses round 
which experimental investigation has centred 
in physiology. TMs has been as true of 
the grosser mechanical hypotheses of the 
seventeenth century, as of the more refined 
physical and chemical hypotheses of later 
times. The merit of these hypotheses has been 
that they were capable of either verification or 
disproof, whereas the vitalistic theories have 
been incapable ofbeing experimentally tested. 

Let us try to see why the latter has been the 
case. The vital force was conceived as some- 
thing acting ‘ from the blue ’ oi^ ordinary 
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matter, and yet as notf acted on itself. Its 
presence .could only be verified through the 
failure of physical and chemical explanation 
of certain very striking phenomena, .namely 
the development and maintenance of a certain 
specific structure and certain specilic activities. 
In so far as any fact connected with life could 
3e explained on physical and chemical grounds 
the vitalists were at one wit^ the mechanists. 
In so far as physico-chemical explanation 
failed they attributed the phenomena to the 
intervention of the ‘vital force.’ Thus tli^ir 
dualistic working hypothesis lifted the facts 

Cl. ^ 

in whatever way they turned out, so that the 
stimulus alForded by one definite Jiypothesis, 
which could be either verified or disprove^; 
was absent. But as they admitted the 
hypotheses of physics and chemistry with 
regard to the material and atomic constitu- 
tion of the universe, and ^ based all their 
observations and methods on these assump- 
tions, the natural consequence was that in* 
matters of experimental detail they always 
found themselves dealing either with what 
appeared to be physical and chemical 
phenomena or with something unintelligible. 
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In detail, therefore,* the sphere of action of 
the ‘vital force’ was a dim and misty sphere 
of unintelligibility— a purely negative sphere. 
So faf^as anything definite could be traced 
on the confines of this sphere it was some- 
thing jphysical or Chemical, and beyond this 
was indefinite mist. Where and how the 
‘ vital force ’acted qn the atoms or molecules, 
or what exactly became of them, no one could 
say; but out of the mist the^ seemed to 
appear again, once more in the form of atoms 
and molecules obeying physical and chemical 
laws, but ordered in such a specific and 
unmistakable manner as to indicate that 
within thei sphere of indefinite mist some 
qjysterious factor waS at work. As, however, 
the only definite d^ail was physical and 
chemical detail, the jnechanists were left in 
possession of all that could be positively 
investigated in detail. 

The mechanist have contended that the 
‘misty sphere is only the mist of our ignorance 
of the physical and chemical conditions, and 
that year by year this^mist is being gradually 
dfspelled by the advance of physiological 
investigation. We have seen already that 
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this is a complete illusion. The advance of 
investigation has only served to make the 
misty sphere more evident ; and not only does 
it exist, but there is not the remotest-chance, 
as we have just seen, that physical^or chemical 
investigation will ever dis|>el the mist.. The 
phenomiena of life are of such a nature that 
no physical or chemical explanation of them 
is remotely conceivable. 

Let us try to get to grips with this matter. 
What is the real cause of the helpless position 
in which biology finds herself?^ The mechan- 
istic hypothesis has been the only O”® tl’® 
two which seemed inherently capable of 
helping us positively in the details) of blblogi* 
eal investigation ; and ^et this hypothesis is 
unmistakably a failure hi relation to biologi- 
cal investigation as a whole ; and the vitalistic 
theory, if one can call it ‘a theory, is only a 
way of registering this fai]j[^re, and does not 
help us to a real understanding. 

The main outstanding fact is that the 
mechanistic account of the universe breaks 
down completely in connection with the 
phenomena of life. Whether it is not also 
insufficient in connection with phenomena 
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outside what we at present regard as life is 
a further question which need not be, discussed 
at present. When any hypothesis fails^ to 
correspond with facts it is the hypothesis 
* which needs reconsideration. In the next 
lecture the physico-chemical hypothesis with 
regard to our experience generaUy must first 
be examined, after which we must consider 
whether no otljer hypothesis will fit the 
facts, It may be that the practical failure of 
vitalism has depended on the ftct that the 
vijalists have accepted without criticism the 
physico-chemical account of our experience, 
and have thus placed themselves in a position 
in which tljey are powerless to help biological 
investigation. 



LECTURE III 

' BIOLOGY AND THE PHYSICAL '^lENCES 

♦ # 

At the end of the last lecture we were led up 
to the question as to how far the interpreta- 
tion assumed by the physical sciences in their 
account of the visible and sensible universe is 
valid. This is evidently a very \^ide question, 
involving far-reaching philosophical discus- 
sion. Yet the reason why suck a discus- 
sion cannot be shirked ii^' evident. We foui^ 
that in the case of life the facts are incon- 
sistent with the physicahand chemical account 
of phenomena. We, therefore, cannot adopt 
the attitude that whatever^may be the ulti- 
mate truth about the universe the ordinary 
forking hypotheses of physics and chemistry* 
are sufficient for the immediate purposes of 
our work as physiologists. We must probe 
more deeply. • 

At the^ present time there is a widespread 
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prejudice against phil6sophical or ‘ metaphysi- 
cal* discussions. It is asserted, for, instance, 
that system replaces system in the histofy of 
philosc^hy, and no abiding truth is arrived at. 

The efforts of philosophers are thus vain, and 
' % 

practical men would do well to disregard 
completely g.11 metaphysical speculation. 

Such teaching is unworthy of every tradi- 
tion which has helped to raise us from the 
level of primitive savages. Even if it were 
true that philosophical speculation has hitherto 
led to oo definite result, we should not be men 
if we gave up the quest after truth. It is 
only, however, a shallow and ignorant mind 
that sees iq the history of philosophy nothing 
but a series of systems, each as bad or as good 
as the other, and sucaeeding one another like 
the ‘turns’ in a music-hall entertainment. 
The progress of philosophy has been just as 
continuous as the progress of science, and the 
history of philosophy appears to be a meaning- 
'less succession of systems to those only w|jp 
have never taken the trouble to understand 
them. . 

•To philosophers the pieaning of that 
appearance of physical reality witl^ which we 
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are so familiar has beeh a constant subject 
of irn^estigation, and we must consider as well 
as 3 ^e can what light they have thrown on 
the particular problem before us. must, 
therefore, try to trace the reasoning which, in 
its successive developments, has guided them. 

When we regard the concep/ion of ‘the 
visible and tangible universe as it is presented 
to us, by the physical sciences we find that it 
not only stands the most searching laboratory 
tests, but tliat it ^so stands the tests of 
practical experience of a very wide kind. Xhe 
engineer, the manufacturer, the navigator, the 
soldier, the lawyer, can apparently rely upon 
it absolutely. But philosophy points out that 
if it corresponds to absolute reality it must Ijp 
consistent with the whole of our experience ; 
and first and foremost it must be consistent 
with our own conscious relations to it, which 
have, after all, been entirely left out in the 
laboratory and other tests. , 

At first it may seem simple enough to say* 
that we are conscious of the physical world. 

is there, plainly before us. But then comes 
the reflection that<the appearance can only Se 
transmitted to through our sense organs 
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and sensory nerves. All that we immediately 
perceive can only be sensory disturbances 
of some kind, from which we infer the exist- 
ence oAthe physicaj reality outside. This is a 
nectary, but also a fatal admission : for what 
right. have we to* draw such an inference? 
Absolutely . none, as Bishop Berkeley first 
pointed out. We Jiave no right even to call 
our sensations impressions, or to regard 
ourselves as anything more than a stream of 
sensations. The appearance o^ a sensible 
world, with our bodies present in it, can be 
nothing bujt^an appearance due to the manner 
in which the sensations group themselves. 
The appearance of substantiality or of cause 
%nd effect can be diib to nothing else but the 
mysterious fact that certain sensations are 
associated together or follow one another in 
a certain order. Such was the reasoning of 
David Hume; ^and his inferences follow 
inevitably if we start with the provisional 
assumption that the physical world as science 
represents it to us has absolute reality. If it 
has, then we cannot possibly know it ; and all 
onr supposed knowledge 4s nothing but the 
illusion which Hume described. 
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There is no flaw in the reasoning of 
Bedccsleytand Hume, absurd as may seem 
the conclusions which Ihey reached. The 
flaw is in the premises, and particularly in 
the assumption from which thf reasoning 
ori^nally started, that tUe world is some- 
thing self-existent and outside us^as physical 
scienc^ appears to teach., ^ This assumption 
simpjbr destroys itself, leaving nothing but the 
sceptical conclusions of Hume. 

How long will it be till the world, and 
particularly the scientific world* begins <to 
take in the significance of David Hume’s 
reasoning? His body has lain quiet at the 
foot of the Calton Hill in Edinburgh for 
nearly a hundred and fhrty years; but tl)^ 
old ideas which he finally showed to be un- 
tenable are still popularly accepted, just as if 
he had never lived. To 'those who imagine 
that the secrets of our existence are likely 
to be revealed in, say, the latest discoveries 
in colloid chemistry, I would commend a’ 
careful perusal of Hume’s Treatise of Human 
Nature. 

Whether we take the ordinary popumr 
view, as taught *by’the theologians, that the 
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soul is a non-material entity situated during 
life within a material body in ^ material 
world, or else adopt* the mechanistic theory 
that t^re is no soul, but* only a series of 
‘states of consciousness’ lighted up some- 
how or other within a material brain, we 
cannot escape Hume’s destructive criticism. 
This criticism destroys utterly the assumption 
of a universe of self-existent things. 

But the appearance of knowlfedge Of our 
universe and all that it Contains does certainly 
ecist and must be accounted for. The task of 
accounting for it was taken up by Immanuel 
Kant, who carried us far .beyond Hume. 

Kant did not satisfy himself with Hume’s 

account of the data of consciousness as a 
, ^ 

stream of isolated impressions or sensations, 
cohering or associating themselves with one 
another in a manner of which we can give 
no^ ultimate account. He proceeded to ex- 
amine carefully the nature of sensation or 
" perception. One thing which he found was 
that sensations never do exist in isolation from 
one another, but that each carries with i^ a 
inference to other sensations. A sensation, 
if it is distinguishable at-a^-is herp and now. 
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This means that it is given in relation to past, 
future, an^ co-existent states of consciousness 
which are indissolubly united with one another. 
Moreover, each distinguishable elenj/ent in 
experience bears with it its relation to the 
others in a certain order. Were there no such 
definite relations of sequence and^spatial ln- 
terconnection there could be no perception 
or experience at all: the ‘hereness’ and 
‘newness’ of each element in experience 
would be ifiipossible. Hence spatial and 
temporal relations, causal sequence, substan- 
tiality, and the other general ideas by the 
existence of which our experience is ordered, 
are all given to us in the simplest elements 
of experience. The supposed possibility of 
analysing our perceptions into elements con- 
sisting of ‘simple’ unrelated sensations or 
‘states of consciousness,’ is an illusion. There 
are no such things as unrelated sensations. 

Now this, of course, does not imply that 
the whole visible universe is given to us as 
an intelligibly connected system as soon as we 
op^n our eyes. It does mean, however, that 
from the beginning the outlines of such H 
system are present, however dim and indefinite 
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the details may be. It means also that be> 

tween ourselves and the world round us, and 

% 

between the various things which we find in 
the wo(ld, there is no ultimate separateness 
jo# existence such as seems to be assumed , in 
the ordinary physical conception of the world. 
Alf are parts of one inseparable whole. 

This is a conclusion of such stupendous and 
far-reaching import that it may need centuries 
for the world to take it in and even dimly 
realise its implications, and wHere it leads 
ua to. ’ Sooner or later, however, it wHl be 

realised that the materialism of the nineteenth 

• « 

century has been nothing»but an insignificant 
eddy in the stream of human progress. In 
;^ant’s writings his'-'* thought was evidently 
trammelled by the difficulty of realising how 
great a leap forward he was making. Hume’s 
scepticism had not* completely done its work 
in his mind, for he still postulates the existence 
of a so-called noumenal world of things-in- 
themselves which are the unknowable cause 
of the constant newness and variety in our 
experience. He also retains the idea of finite 
iiidividual minds, each armed, as it were, with 
general ideas or ‘categories’ whicji convert 
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into the orderly system of our experience the 
impressions caused by the noumenal reality. 
Hi»*4mmediate successors pointed out that 
there was no reason left for assun^ng the 
existence of things-in-themselves^ outside oi 
us. These supposed existences are nothing 
but the ghosts of the world of independently 
existing matter which H|ime had i^dwn to 
be non-existent. The supposed separately 
existing finite minds are also not proof against 
Hume’s criticism. We must account other- 
wis’e for all the variety and ‘contingency’ 
of our universe. Both the external world of 
things and the spi^ual world of persons have 
their existence, somehow or othpr, in onfy one 
Supreme Existence. In^the efforts to show 
in detail how this is«so the philosophical 
movement initiated by Kant exhausted itself 
for the time; but we shdll have occasion to 
return later to these efforts. 

' We must now look somewhat more closely 
at Kant’s account of how the sensible world 
comes to appear to us as it does, and what 
bearing his conclusions, and those of his suc- 
cessors, have on the great biological problebi 
which is t^e maip.subject of these lectures. 
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KaHt enumejrated definitely the * categories ’ 
or general ideas under which he believed^that 
our ijerceptions are ordered. This list seems 
very artificial, and is based on the old formal 
logic, but \t includes the ideas of substance, 
cause. and effect, &nd reciprocal action — ^the 
ide^ of the physics of Kant’s time. He him- 
self^it may be re^rked, was a physicist and 
mathematician of no mean repute. The list 
limits perception to the perception of a purely 
physical world, such as the physical sciences 
described, and he had no special category 
for living oj'ganisms. On Kantian principles, 
therefore, a living organism can only be per- 
ceived as a n^iterial structure or mechanism. 

this respect, Kd'nt was at one with the 
mechanistic school of biologists. For him, 
however, the reason* why we must perceive 
organisms as mechanisms is not because they, 
in themselves, are mechanisms, but because 
the mind is so constituted that it can only 
perceive them as mechanisms. 

Kant’s successor, Hegel, pointed out that 
his list of categories was incomplete in 
'vtoous directions: also t(tat a special cate- 
gory or categories ought ^ to be added 
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for organic life, as the idea of life is 
one ,of the ^ndamental ideas. There is 
no reason why a category or g^eral 
conception of life should not he just 
as much constitutive of our experience as 
the category of substante. Here, there- 
fore, we have a possible way erut of our 
difficulties with the meghanistic theory of 
life. In trying to reduce life to physical 
c and chemical mechanism we are perhaps 
in some way confusing two different cate- 
gories. Kant’s general philosophical coft- 
clusions have in any case thr^^ a quite 
new light on our conceptions of the physical 
world, and have taught us that the? validity of 
these conceptions is of a Very different nature 
from what was previously believed. It may 
be that just as we cannot base physics on the 
purely mathematical conceptions of exten- 
sion, so we cannot base ^ biology on the 
purely physical conceptions of matter and 
energy. With these possibilities in mind let 
us return to a discussion of the facts which 
biological investigation discloses. ^ 

What we have first to ask is whether, a»^a 
matter of|fact, we habitually use, in dealing 

t 
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with the phenomena of life, a fundamental 
conception or working hypothesis .which is 
diffq^nt from the fundamental conceptions 
of ti^^physical sciences, and cannot be 
reduced to^ them. The question, for the 
momejit, is not whether we are justified in 
usi]^ sueh a conception, but whether we 
actiRilly do use it.^ When this question is 
clearly realised there is, it seems to me, but 
one answer to it, and that in the affirmative. 
In dealing with life we not only' use a whole 
series of special terms, but these terms appear 
to belong ^tp a specific general conception 
which is never made use* of in the physical 
sciences. « * 

^^Life manifests itsdf in two ways— as struc- 
ture and as activity. •But we also recognise — 
a biologist feels it in his very bones — that this 
is Hying structure dnd living activity. Each 
part of the structure not only bears a more or 
less definite spatial relation to the other parts, 
‘but it is actively maintained in that relation, 
r. The structure is thus in itself the expression 
of the activity, and the ceaseless metabolic 
activity of which visible structure is the 
sensuous expression forms <me department of 
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physiological study — ^that of nutrition. Bu 
the more, closely living activity in general i 
examined, the more clear does it become tha 
all living activity is structural or mc^bolii 
activity, either directly or indirectly. Th( 
changes in the retina when light falls uj)on i 
are metabolic or structural activities. Th( 
same is true of the activities of nerve cells 
muscle cells, gland cells, dr any, other living 
cells; and the gross visible movements o 
the body, nO less than its gross visible struc 
ture, are but the outer sign of metaboiij 
activity. ^ 

The body can also be affected niechanicalh 
or chemically by influences froip without 
but effects so produced are of not th( 
slight^t interest to a biologist, except in s( 
far as they may be connected with living 
activity. 

The living structure is evidently organised 
that is to say every part of it bears a definih 
relation to every other part. As, however 
the structure is the outcome of metabolii 
activity, it follows that the metabolic activit] 
of the living body is also organised, evotj 
aspect of it bearii^ a definite relation U 
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every other aspect. That this is actually so 
has become more and more clear .witlj the 
adv||[me of physiology, particularly in recent 
timesN*,The fundamental mistake of the 
mechanistic physiologists of the middle of 
last cf ntury was that they completely failed 
to realise ^-this. Such processes as secre- 
tion, absorption, growth, nervous excitation, 
muscular contraction, were treated as if each 
was an isolable physical or chemical process, 
instead of being what it is, onfe side of a 
nmny-sided metabolic activity, of which the 
different sides are indissolubly associated. 

The relation of the living organism to its 
environment is no less peculiar and specific 
than the relationship of the internal parts and 
activities of the organism itself. Between 
organism and environment a constant active 
exchange is going dn. But this exchange, in 
so far as it has an^ physiological significance, 
is always determined in relation to the rest of 
the living activity of the organism. Whether 
material is to be taken up or given off, 
whether and to what extent the organism 
i5'»to respond to any ‘stimulus,’ all this is 
determined in relation ^ the li^ of the 
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organism as a whole. The living body and 
its physiplogical environment form an organic 
whole, the parts of which cannot be under- 
stood in separation from one another^ »’ 

Our ordinary language as apj^lied to life* 
corresponds with these characteristics. We 
naturally speak of a living organism a& an 
autonomous active whole, and think of it as 

t 

such,_ The idea of its being fi. mechanism 
made up of separable parts, and actuated by 
external cabses, is wholly unnatural to us, 
and becomes more and more unnatural the 
more we know about organisnis. 

The concept we are using' is radically 
different from any physical con(^ept : ofor in 
conceiving what is living we do not separate 
between matter or structure and its activity. 
The structure itself is conceived as active— 
as alive. 

9 

But the objection may be raised that this is 
only a loose and inaccurate mode of thinking 
and expression : for we know that the living 
substance consists of nothing but matter,, 
though we do not yet know in what exact 
form the atoms or molecules are combinisd. 
This, it i^^ust be pointed out clearly, is simply 
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to beg the whole question. It was the com- 
plete and hopeless failure of the . material 
coiifi^tion of a living organism that led to 
our prel^ inquiry. We cannot admit that 
the living ‘^substance ’ is material. It is the 
very existence of mfttter as such that is in ques- 
tion~the adequacy of the concept ‘ matter ’ to 
express the phenomenon we are considering. 
Let us make no mistake as to what we are 
really discussing. We have parted company 
once and for all with the ‘mechanistic 
pMlosophy — the notion of a real and self- 

existent material universe; and we must 

% • 

remember where we now are. 

What w^ have found is that the conception 
o^the living organism is in common and 
ordinary use, and differs radically from any 
physical conception. * We have also seen 
that, there is no ‘philosophical reason for 
rejecting this conception. There is no a 
priori reason why we should not, if it helps 
us, take it as the fundamental conception for 
'biology, just as the physicist takes the con- 
ceptions of matter and energy as fundamental 
fSt physics. 

Before going further we must ^nsider a 
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preliminary objection. Whatever the nature 
of tlie actually living parts of an organism 
may be, all that we can do in investij^ting 
them, it may be pointed out, is tjjfbDserve 
and measure the physical an4 chemical 
changes resulting from tiieir activity. We 
can measure the shortening of' a muscle, 
the pull it produces, the. oxygen it absorbs, 
the electrical changes whicl> accompany 
its excitation. All these are physical and 
chemical changes, however; and the whole 
of physiology consists, and can only consillt, 
of such observations and measurements. It 

^ o 

must, therefore, fr®m the very nature of its 
data, be a physical and chemical science in so 
far as it is a science at all. ^ 

The reply to this is> that apparent physi- 
cal and chemical changes are the signs , or 
sensuous data which poiiit to the underlying 
livin g activity. Just as the physicist has no 
direct detailed knowledge of matter, but in- 
fers its properties and measures its amount 
from various sensuous data, so the^ physi-» 
ologist infers the nature and activities of a 
living organism from sensuous data. But*?o 
the physiologist the outward appearances of 
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physical and chemical change are the sensuous 
data, by bringing which into relation wii;h his 
gmijjng idea he arrives at physiological know- 
ledge what he sees behind the appear- 
' ances of changes in form, electrical changes, 
absorption of oxygen, and all the other out- 
ward signs* of muscular activity is the meta- 
bolic activity of the living muscle-cells. 

If we assume that the conception of the 
living organism is the fundamental conception 
of biology, it is clear that the aiifti of biology 
diners entirely from what it would be if 
the mechanistic theory were accepted. All 
attempts to trace the ultimate mechanism 
of life>mus{ be given up as meaningless. The 
aim of biology becomes a very different one — 
to trace in increasing detail, and with increas- 
ing clearness, the organic determination which 
the^ ground conception postulates. The 
bodily processes — for instance, the apparent 
mechanical or chemical processes of movement 
of the limbs, of breathing, of circulation, of 
, digestiye changes, of the taking up and giving 
off of various forms of matter and energj; — 
become nothing but the expression of organic 
activity. Their maintenance an^ working 
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during life are only phases of the organic 
determination which is the key to all the 
phenomena of life. They must be look^at 
from the physiological or biological stendpoint, 
and not merely from that of the physical * 
sciences. The details of bodily structure must 
likewise be interpreted as the expression of 
organic determination. 

Now it seems to me that thev.wtual pro- 
gress of physiology, and of biology generally, 
corresponds*' exactly with the increasing 
realisation of this aim. It has already be^ 
shown that in tracing the history of phy- 
siology we find that on the whole there 
has been no apparent progress ^whatsoever 
towards the mechanistic goal. On the 
other hand it is perfectly plain that there has 
been enormous progress, not merely in ascer- 
taining isolated facts, but in tracing organic 
determination in every detail of bodily struc- 
ture and physiological activity. 

To illustrate this conclusion in detail it', 
would be necessary to present to you, not„ 
a jsingle lecture, but a whole text-book of 
physiology. I shall, however, try to giv^ 
a single illustration by tracing roughly part of 
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the progress of our knowledge in relation to 
the regulation of breathing. 

^Crom the earliest times it was of course 
knowjf^t in all the higher animals breathing 
is an essential part of organic activity, as 
mechanical stoppage of the breathing causes 
rapid deafh. Very little further was known, 
however, until the, time of Black, Priestley, 
and Lavoisier, although Mayow, the funda- 
mental importance of whose work was not at 
the time appreciated, had in realfty come very 
close to modern ideas. With a single flash 
the whole ^ subject was illuminated by the 
definite discovery of oxygen and carbon 
dioxide a^d their relation to respiration. 
Henceforth we knew that the necessity for 
breathing, and the regulation of breathing, is 
bound up with the -necessity for absorbing 
oxygen and giving off carbon dioxide. Breath- 
ing is of fundamental physiological importance, 
because the consumption of oxygen and re- 
.moval of carbon dioxide are fundamental 
< organic activities in animals. 

Assuming that an organism is an org^fi- 
il^m, and not a mere machine, we should 
expect to find that these activities %re organi- 
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cally determined-determined as in definite 
relation to the whole functional and structural 
activities of the organism, and not measly 
dependent on specific and one-sided ooiflditions, 
such as the abundance of oxygen^ in the in- 
spired air, or its freedom fitom carbon dipxide, 
or some mechanical action of the nervous 
system, unrelated to the central organic deter- 
mination. • 

Misled by mechanistic conceptions of life, 
various physiologists have, as a matter of fact, 
put forward onesided theories of this kinfl, 
and they have invariably turned out to be 
wrong. As an example we may take the 
theory that owing to the struct^ire ef the 
respiratory centre, and the properties of the 
afferent nerves coming cto it from the lungs, 
breathing goes on, under ordinary conditions, 
automatically and withoiit reference ^o ,,the 
removal of carbon dioxide or intake of oxygen. 
It waskbelieved that as distention of the lungs 
excites fibres in the vagus-nerve which inhibit 
inspiration, and collapse of the lung correspond- 
ingly excites fibres which excite inspiration, 
normal breathing is regulated by this mechss^ 
ism, though the centre also responds to any 
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unusual want of oxygen or excess of carbon 
dioxide in the blood. 

% 

^ow it seemed extremely improbable that 
such a 4beory could be correct; since living 
organisms do not regulate their affairs in this 
mechanic^ manner. Thus guided, we rein- 
vestigated the whole question in the Oxford 
Physiological Laboratory, and found that as a 
matter of fapt the Wathing is, under normal 
conditions, so regulated in man as to re- 
spond with almost incredible exactness to the 
slightest variation in the ipu^ut of carbon 
dioxide or pa/tial pressure of carbon dioxide 
in the alveolar air. The vagus nerve-fibres play 
no part in^the main regulation, to which their 
influence is only subsidiary, though not unim- 
portant. , 

Under ordinary conditions the constancy in 
the pressure of carbon dioxide in the lung 
alveoh provides for the supply of oxygen to 
thedungs and bldbd ; but quite evideqjtly the 
’ breathing is, under abnormal conditions, regu- 
lated also in direct relation to the oxygen 
supply ; and the action of the lung epithelium, 
^e concentration of haemoglobin in the blood, 
and the mode in which oxyhaemoglobin is 
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dissociated in the blood, play an important 
part in helping this regulation. 

The idea which gives unity and coherence 
to the whole of the physiology of r^iration 
is that of the organic determination of the 
plienomena. The satne idea has to a greater 
or less extent already given, or is in-process of 
giving, unity and coherence to the phenomena 
of nutrition, secretion, and" circuliation. It is 
an idea which guides us at every turn in 
physiological* work, and constantly suggests 
new lines of inyestigation. To leave it out ctf 
account in physiology, or to trekt it as a mere 
‘heuristic principle of very uncertain value, 
seems to me about as foolish as it v|(ould*be to 
rejeet the idea of mass in chemistry, and retain 
the phlogiston theory, a^ Priestley and Caven- 
dish actually did till their deaths. By regard- 
ing the structure and activities of a living 
organism as the expression of organic unity 
we arm ourselves with a theory which is 
just as useful in biology as the idea of mass 
in chemistry. Neither the idea of mass nor, 
that of organism will enable us to predict 
everything in the chemical and biological 
worlds respectively, but they both help us 
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enormously in reducing our observations to 
order. 

^JVhenwe turn from actual physiological 
investigation to the current textbooks on the 
subject we are confronted by the fact that jp 
accordance with prevalent philosophical beliefs 
among physiologists, these books are mainly 
written from what is essentially a mechanistic 
standpoint, and follow more or less closely 
the general plan of Ludwig’s famous text- 
book of sixty years ago. An account is 
^ven of the physical structure and chemical 
materials foudd in the body and its environ- 
ment, and ’tliis account ia combined with an 
analysis o|| how the whde works when the 
various elements so idistinguished are brought 
into relation with on^ another during life. 

In this general plan there is absolutely no 
plaje left for the living organism as such. We 
find, moreover, that the various ‘ mechanisms ’ 
to which the headings of the various chapters 
correspond — the mechanisms of neuro-mus- ' 
, cular activity, nutrition, secretion, absorption, 
etc. — exist, for both reader and author, oijly 
fa ideals on paper ; and at the end the reader 
is perhaps inclined to become a vitalist— per- 
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haps not. The author, too, may probably have 
displayed suspicious vitalistic tendencies. One 
thing, however, is pretty clear — that the in- 
formation supplied with regard to tbe central 
or ‘elementary’ problems of physiology is 
often so vague as to be •of little apparent 
practical importance. The practical physio- 
logical information which a student of medi- 
cine needs and uses is to A large„ extent only 
picked up afterwards at the bedside or in the 
study of experimental pathology. » 

What is the reason •for this defect ift 
physiological teaching? One hiight at first 
suppose that whatever general theoretical 
opinions might be held by a p^siolpgical 
teacher, yet the facts of the science itself 
must be the same, apd that in ^eachirig 
the facts, as undoubtedly he does to the 
best of his ability, he must be dping all 
that is possible. But here comes in the 
question, what facts ? The facts «v^orded 
by physiologists are absolutely indefinite in 
number, and only the more important ones 
canJbe taught Hence, in accordance with 
the general plan just alluded to, only thQS<$ 
facts whicji bear on the ‘ mechanisms ’ of the 
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various physiological processes can be taught 
If, for instance, we ase teaching the physi- 
ology of the kidneys, we must teach the main 
facts bcjising on the possible mechanism of 
secretion ,of urine. We must thus discuss 
the jwssible influeftice of filtration, diffusion, 
etc., in tfie process, leaving out of account 
ail details which sire irrelevant to this dis- 
cussion ; and when at the end it turns out 
that the essential mechanism of secretion is 
quite uliknown there is nothing further to 
do than pass on to the next subject. ActuaUy 
it is known t^at^echanism or no mechanism, 
the kidney fulfils its funttions of regulating 
the Cbmp(j?ition of the blood, and that it 
does so with marvelous delicacy; but facts 
relating to this do not fit into the plan of 
exposition of the subject, and have too much 
of a smack of old-fashioned teleology about 
them> Hence they are ignored completely, 
or scaneSSly touched upon. 

. It is the same with circulation, respiration, 
•and every other part of physiological know- 
ledge. The fact that the body lives as» a 
Whole, each organ or part fulfilling its proper 
hinctions and adapting itself to eve^y change, 
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is scarcely touched upon, while a vast mass 
of unrelated and unassimllable mechanical 
detail is carefully recorded and described. • 

The fault evidently lies in the general plan 
of exposition. This plan does not fit the ’ 
facts to be described. The living bgdy is 
a living organism, and physiology foust treat 
it as such, or else submit to the reproach 
of being a complete failure. The attempt 
to treat physiology on the principles so 
clearly laid dbwn in Ludwig’s Introduction to 
his text-book is as wide of the mark as wouM 
be an attempt to treat painting'’ and sculpture 
on the basis of aomere knowledge of the 
chemistry and physics of paint ^pd marble. 
Teaching and investigation must begin, con- 
tinue, ah<f end with the presupposition that 
the body is a living organism, which must 
be seen as a whole if it fs to be seen at^all. 
To shut our eyes to the central fact of living 
organic existence is to shut our eyes to 
physiology itself, and to biology generally.* 
It does not matter what aspect, or what> 
portion of physiology or biology we are 
studying: we are always face to face vfitb 
living orjganisms as wholes or parts nf 
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organic wholes. The divisions of the subject 
are due, either to the particular orgapisms 
studied, or to the particular methods of 
investigation which we happen to be capable 
of using to advantage. In so far as we are 
in earnest with the work, and are not 
blinded by wrong theories, we are always, 
both in physiological and morphological 
investigation, studying an organism as a 
whole. 


In the case of the higher organisms we 
a^e of course dealing with a compound 
organism; and we have all shades between 
highly organised compound organisms and 
more •or less indefinite collective organisms 
such as a colony or a> whole species. In these 
organisms there is constant active main- 
tenance, constant renewal, constant breaking 
do\^ and reproduction of the living struc- 
ture ; and this is of the very essence of our 
conception of life* Reproduction is not in 
^itself a problem, but an axiom ; for all living 
structure is active structure ; and it lives in 


actively maintaining itself and reproducing 

itft structure. . 9tlltd 
In normal reprodu|^i|iahd^^h. and in 

vi'l. •"..Iia,*,, 
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all iiMtinctive social activity, the individual 
organism shows itself to be more than a mere 
individual: it belongs to a wider organic 
whole. Death is certainly not ^he mere 
mechanical wearing out of the organic 
machine : for the organism, as we^ have 
already seen, is no machine. N6t only in 
reproducing itself as a whole, but also in the 
metabolic processes by which it is changing 
its substance at every moment, does it flout 
such a conception. So far as we , can at 
present understand the matter, the physiology 
of death, and that of reprodudtive and social 
activity in all their .wide ramifications, belong 
to the physiology of the species.^ The indi- 
vidual organism, like tho individual cell in 
a complex organism,, belongs to a wider 
organic whole, apart from which much of its 
life is unintelligible. • . ^ 

It may be argued that' in postulating the 
existence of such a thing sirs a living organism 
as a specific entity we are abandoning all, 
attempt at explanation. We are certainly 
a,bandoning the attempt at causal explana- 
tion ; but in doing so we are only abandoning 
the philq^ophical ideas which have already 
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been shown to be defective and irreconcilable 
with experience in relation to the phenomena 
of life. This part of our experience implies 
the conpeption of life. By a process of 
abstraction from the distinctive facts of life 
we cw> it is true, fegard organisms as simply 
so much matter, with so much energy 
passing’ through them. If they had turned 
out to be • capable of interpretation as 
mechanisms this would have been no ab- 
straction, but a correct way of regarding 
tliem. But since they are what they are, 
their strucjijire must be regarded as living 
structure, and their activity as living activ- 
ity, both itructure and activity being the 
expression of an ‘organic and indivisible 
whole. The ideas oft matter and energy are 
nothing but ideas, itnd in the case of life 
thcK'ideas are united and transformed in the 
idea of the living organism. 

This leads us back to the philosophical 
conclusions of Kant and his successors. For 
Kant the categories or general conceptions 
under which our experience is ordered were 
^ many separate conceptions unrelated to 
one another. We might roughly*, compare 
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them to the chemical elements as they 
appeared to science before the discovery of 
the periodic law and the breaking down and 
probable building up of elements.^ Hegel 
pointed out that not only was Ifant’s list 
of categories incomplete, 'but that the cate- 
gories bear a natural relation to one another, 
the lower being the morft abstract or empty 
general conceptions furthest from reality, and 
the higher being the more concrete and 
definite onel nearest to reality. If, for in- 
stance, we regarded our experience as con- 
sisting of nothing but qualitatively different 
data we should be using an empty and 
abstract category. If we regarded it as a 
world of substances acting on one another 
' we should be seeing it under a much less 
empty category, and the qualities and their 
changes would now appear as the quaUties 
and changes of substancel If we regarded 
it as a world of living organisms we should 
be using a still higher and less empty « 
category ; for substance, quality, and activity 
W(Ould now be united in a conception out 
of which they all issue, the activity bem^ 
no longet regarded as an accident of the 
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substance or /matter, and quality being no 
longer a mysterious attribute of substance. 

It is evident that we cannot apply this 
or that category at will. Specific categories 
seem, as it were, to be embodied in all that 
we experience. By no mere arbitrary process 
of fhougKt can I make a piece of stone into 
a living organism or vice versa. I can, how- 
ever, delibeiately abstract from what the 
living organism really is, and regard it as 
simply a material system. This, indeed, is 
what the mechanistic theory of life invites 
me to do. I* can also abstract from what 
the stone is, and regard it as simply a patch 
of colour. ^This, or something like this, was 
what Berkeley and 'Hume invited us to do, 
pointing out that thg stone, as a substance « 
outside us, is only a metaphysical product 
of 'pur imaginatioil, and that all that is 
really experienced k a patch of colour. But, 
as Kant showed in* principle, we cannot thus 
'divest our world of its meaning: we cannot 
reduce higher to lower categories, and thus 
explain the higher away: we find that tjie 
higher categories are embodied in the very 
texture of our experience. 
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When we examine the process of know- 
ledge* itself we find that it is a progressive 
defining of our experience in terms of funda- 
mental conceptions or categoriea>: also a 
gradual passing from lower, more abstract or ’ 
indefinite conceptions to higher, mor^ con- 
crete or definite ones. This is the 'course of 
all scientific investigation. It is only with 
infinite travail and pains that our experience 
gradually defines itself in terms of higher and 
more definite conceptions. A living organism 
is not given to us complete in thought all a^ 
oi^pe: it only gradually reveals itself more 
and more definitely 4n the course of long and ! 
arduous biological investigation.^ It is the 
same on a lower plane for the physical world, 
or for the mathematical world of abstract 
form and quantitative .relations. But from 
the very nature of the Categories or fuijda- 
mental conceptions themsclves*all kue know- 
ledge must be a gradual revelation of the 
lower or more abstract in terms of the higher*^ 
or more concrete aspects of reality; and as 
the conception of organism is a higher and 
more concrete conception than that of matter 
and ener|^, science must ultimately aim at 
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gradually interpreting the physical world of 
matter and energy in terms of the biological 
conception of organism. No lower claim than 
this will satisfy the ideals of biological investi- 
gation : *of this we may be well assured. 

At the time of Kant and his immediate 
sucb^soi^ biology had hardly begun to be 
conscious of her strength. Living organisms 
seemed, &» it wer6, to be at the best only 
dotted about here and there in the midst of 
a totally foreign physical unbirerse. Kant 
Assigned to them a very doubtful place in his 
philosophy, ahd Hegel in his Philosophy of 
Nature represented Natijre as a sort of waste 
in which any and every kind of existence is 
strewed about indiscriminately — a conception 
repugnant to true science. Meanwhile the 
advance of the natural sciences has pro- 
foundly changed •our outlook on Nature. 
First and foremost we have come to realise 
the fact of evolution. The true significance 
, ' of this fact is a very different one from what 
is still very generally supposed. At first 
evolution appeared in popular thought, em- 
thodied, for instance, in the writings* of 
Herbert Spencer, as a derivation of the 



100 BIOLOGY AND PHYSICAL SCIENCES 


organic from the inorganic. We have seen 
already, however, that, evolution or no evolu- 
tion, there is not the remotest possibility of 
deriving the organic from the .,inorganic. 
Evolution, therefore, takes on a very ‘(different * 
significance. In tracing life back and back 
towards what appears at first to be the* in- 
organic we are not seeking to reduce the 
organic to the inorganic,' but the inorganic 
to the organic. The apparently indefinite 
microscopical aggregations of formless colloid 
material — ‘sarcode’ or ‘protoplasm’ — whiciS 
were at first taken for the origihs of life from 
the inorganic, have, gradually turned out to 
be definite living organisms. But biology 
will not stop at these: for they 'must have 
been evolved from something more primitive. 
She will gradually push, her advance victori- 
ously further and further into the domaii^ of 
the apparently inorganic. 4- 
, The premonitory signs Of this advance are 
net lacking. For nearly a century — since* 
the days of John Dalton — the chemical atom 
was the ultimate term of physical and 
chemical investigation. The world seemaA 
to be resplved into a world of atoms, in 
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which, as du Bois Reymond pointed out, 
there was no place for life in any such, sense 
as that which I have endeavoured to depict 
in this lecture. Recent discoveries in physics 
and chemistry have, however, completely 
shatt^ed this conception, and with it that of 
mafter and energy. We now see physicists 
and chemists groping after biological ideas. 

No one can. yet tell what conceptions will 
emerge from the ruins of the atomic theory ; 
but it is at least evident that tho extension of 
biological conceptions to the whole of Nature 
may b'e much nearer than seemed conceivable 
even a few years ago. When the day of that 
extension comes thl physical and chemical 
world as we now conceive it — the world of 
atoms and energy — \yill be recognised as no-.ivii.^ 
thing but an appearance, though for practical 
purposes it will still remain very useful. It 
will stand fully aonfessed as a world of 
abstractions like tflat of the pure mathematU 
"^cians. Meanwhile it is already a world of 
abstractions to the biologist who has faith 
in the principle of evolution and also in 
the fundamental conception of the living 
organism. 
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To one point with reference to the bio- 
logical conception of a living organism no re- 
ference has yet been made. Living organisms 
always, or nearly always, appear to Jbe marvel- 
lously ‘ adapted ’ to their physical^ environ- 
ment. Yet this adaptation is not pf the 
essence of the biological conception of an 
organism. We know, al^^o, that organisms 
may develop which, in one way or another, 
are so misshapen or defective that they 
cannot survive, though they have all thg 
essential characteristics of organisms. They 
maintain their existences as organisms for a 
short time, blindly "struggling, as it were, to 
preserve the defects which mak^p thttn in- 
capable of surviving. “ 

Organic life is ‘blind’: each organism 
blindly struggles to maintain its own exist- 
ence or that of its species. We can ‘only 
explain the actual marvellous and intricate 
‘teleological’ adaptation ’of organism and 
physical environment by the fact that, as - 
pointed out by Darwin and Wallace, those 
organisms which are not so adapted must 
disappear. Even if we could see far enouglf 
to, be able to regard as organic the whole of 
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what appears as inorganic, the entire world 
would still appear as a blind struggle between 
different organisms. Of this conflict, whether 
we regar<^ it as conflict between organisms 
’ themseWes, or between organisms and physical 
environment, we oan give no biological inter- 
preta'fiont and are thus forced back on a 
physical interpretation. From the standpoint 
of ideal bioipgy organism and environment 
would be one. The organism would be 
not something in a more or» less foreign 
environment, but in its own environment, 
which it has ’grown in, and which has been 
part of its^ very nature firom the outset. Of 
the actual foreignness or imperfection in the 
environment biology as such can give no 
account. ^ j 

This discussion brings us to the subject of 
the last lecture. In the higher organisms, at 
least, we find distinct evidence of a quite new 
factor — consciousness.. A conscious organism 
3^ is, as it were, fighting me inorganic world, not 
blindly but with the weapons of that inorganic 
world itself. It answers blow with counter- 
ibjow, and physical force with counter-force. 
The conscious organism is aware of the inor- 
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ganic world as such, and reacts as in presence 
of that world, whether it be real or uAreal. 

In concluding this lecture let us survey the 
progress made in our discussion. ^We have 
seen that the idea of the physical universe as * 
a world of self-existent naatter and energy 
is only a temporary working hypothesis’ by 
means of which we are able to introduce a 
certain amount of order and coherence into 
a large part of our experience. The fact that, 
as shown in ?the last lecture, this hypothesis 
breaks down in connection with the pheno- 
mena of life need not, therefore, puzzle us. 
The phenomena of dife involve another and 
radically different conception of reality ,*and I 
have endeavoured to define this conception, 
and point out that it i.s actually used as" a 
working hypothesis by biologists, and that by 
its means we introduce order and intelligibytity 
iato biology, whereas there is no such order 
or intelligibility if the /mechanistic theory of 
life be adopted. The idea of life is nearer to ’ 
reality than the ideas of matter and energy, 
and therefore the presupposition of ideal 
biology is that inorganic can ultimately be 
resolved into organic phenomena, and that 
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the physical world is thus only the appearance 
of a deeper reality which is as yet hidden 
from our distinct vision, and can only be seen 
dimly with the eye of scientific faith. We 
have seen, finally, that the ideal biological 
worldjis never completely realised. 
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EERSONALITY 

fC 

In the previous lectures I have„endeavoured 
to follow out what is involved in our experi- 
ence of living organisms looked at from a 
purely biological standpoint. Actually, how- 
ever, the higher organisms display characters 
which do not belong ito the conception of them 
as mere organisms : for they are conscious— in 
conscious relations of perception^ and active 
^^jesponse with their environment. 

Let us try to realise jnore clearly, what is 
involved in the conception of a conscious 
organism, or person. From the discussion in 
the previous lecture it u evident that we can- 
not mean an organisnv lighted up, as it were,’ 
by flashes of consciousness : for isolated flashes 
of consciousness, as Kant showed, do not exist. 
We must therefore put entirely out of coivb 
the theory, that conscious life is simply a series 

IM ' 
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of isolated states of consciousness which are 
the mysterious accompaniments of certain 
physical and chemical processes in the brain. 
Such a theory is merely a combination of 
obsolete , philosophy with equally obsolete 
physiology. Nor 'can a conscious organism 
mean that the organism, or its brain, is the 
‘ seat ’ of an indepei^dent and self-existent soul 
or Ego, of which consciousness is the activity. 
This theory involves the impossibilities which 
^ume and Kant so clearly pointed out. Nor, 
finally, is a conscious organism conscious 
merely of ^ its own organic activity. It is 
certainly conscious generally of its own or- 
ganic ’activity, though of the details of this 
activity it is either tbtally unconscious, or only 
dimly conscious. On the other hand, it is«» 
also clearly conscious of an outside environ- 
ment distinguishable from its organic exist- 
ence, and tending toTurther or hinder it : also 
of itself reacting ib \ch a way as to control 
this environment morc\ or less successfully. 
It is thus conscious both of itself as organism 
and of what does not directly belong to its 
biganism — an Ego and a non-Ego. Both of 
these are inside its world, and soni^ehow or 
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other, as we saw in the previous lecture, that 
world of consciousness is the world of supreme 
existence : for the elements in that world — all 
that we perceive— exist only in their relations 
to one another as parts of one supreme whole. * 
At first sight this conclusion seems, perhaps, 
to have led us into the impossible position of 
an absolute idealism which is at the same 
time subjective idealism — the position that 
somehow the existence of the universe is 
bound up with the individual existence of 
a certain person, who was born, and will 
assuredly die, on certain dates.* Such an in- 
terpretation is incorrect, as will be shown 
presently; but meanwhile let us follow out 
our analysis. 

; As Kant and his siyjcessors showed, the 
world as perceived is world of elements 
which are not self-existeYit but exist only as 
related to one another— related temporally 
and spatially, as sul^tance and accident, 
matter and energy, /or as expressions of 
organic unity. If we look further at this 
world of perception we find that it is appar- 
ently centred in ourselves — in our own in- 
dividual organism. It has a particular here 
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and now, to which its spatial and temporal 
relations are referred. This particular* here 
and now is apparently occupied by a par- 
ticular sel4 in which the material world of 
matter and movement is centred. But the 
particular self is «ot merely a portion of 
m^fer, but a living organism ; and the sur- 
rounding world is^ not a world perceived 
merely as matter, but as matter in relation 
with the life of this organism. What I per- 
(jpive is what interests me as an organism ; 
and my voluntary reactions upon the sur- 
rounding world are reactions in the interest 
of my organism. * 

Let ‘US be quite clear on this point, for it 
is of great importance. At first sight it may, 
perhaps, seem that th§ surrounding inorgani*^ 
world is perceived merely as a physical world 
of naatter and energy, or that if we seem to 
perceive Jt as anything else this is mere 
anthropocentric illifsi^. It is true that in 
practical Ufe we regardv^he inorganic world 
from the standpoint of its'practical relation to 
our own lives. The engineer or the workman 
tteats the world from the utilitarian stand- 
point of its uses and hindrances to human life 
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and development. But reality, we are accus- 
tomed to think, is something apart from this 
temporary and one-sided view of it, so that 
what we really see is simply a world of matter i 
and energy, as described by the" physical’ 
sciences. • 

If we look back, however, at the history 
of the gradual development of our scientific 
ideas, we find that they have one and all 
sprung out of the needs of practical life. The 
tradesmen Ayho devised and used the balancg, 
and the engineers who measured in foot- 
pounds and horse-power, had practical ideas of 
mass and energy long before men of science 
definitely formulated and extended* these 
conceptions. The sciences are "built up on 
, ideas which have th^ir roots in practical 
human needs. These ideas are changing and 
developing with human* progress, and .fliever 
escape from being anthropocentric. When 
separated from the mother earth of human 
experience they Ceaso to live ; and this is s6 
whether the expej^ience is that of ordinary 
practical activity or of laboratory experiments. 
We cannot separate our world from pilr 
interest in it. What we see in it is deter- 


c i, 
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mined by our attention, and our attention is 
determined by our organic needs. 

Our conscious and voluntary reactions to 
the world ooitside us are similarly determined 
by reference to what is required for our 
organic, maintenance. Hence teleological 
de^fihination with reference to organic need 
extends to the whole of our experience. It is 
this which gives unity and coherence to the 
world of our conscious experience. Kant saw 
cjiearly the necessity of such a unifying factor 
in experience when he referred to the ‘ syn- 
thetic unity of 'apperception ’ as implied in all 
experience, in addition to the categories which 
he postulated. 

What is implied in this teleological deter- 
mination of the world^of our experience ? lt«« 
is clear, in the first place, that the teleological 
determination is only imperfect. The things 
in the external world which supply our 
organic needs or hinder their satisfaction 
appear to have also an e^^istence of their own 
which has no reference ^ us or our needs. 
A block of stone remains a block of stone 
Whether it is of immediate interest to me 
part of my house, or as just about to fall on 
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my head, or is lying concealed beneath the 
surface of the earth, and only of potential 
value. In utilising the block of stone for my 
own purposes, I have to reckon w^th the fact 
that, owing to properties in it which have* 
nothing to do with my present requirements, 
it may crumble away or split 'The ’f(^o- 
logical determination of. the stone in my 
experience is thus imperfect. I, perceive it in 
part as of use to me, and I can only in part 
adjust it tc^ my purposes. Nevertheless, ij;i 
merely perceiving it as stone or even as mere 
matter, I am perceiving it a^ something of 
potential use or hindrance to niel However 
partially or imperfectly, it is, when so per- 
ceived, teleologically deierminefl in relation 
,-to me ; and were it not so it could not enter 
into the unity of my experience. 

If I knew more about ‘the piece of stcujb its 
teleological determination would be more 
perfect. If, for instance, I knew its exact 
chemical composition, and how to decompose 
it with ease into its elements, its potential 
value to me would possibly be gjeatly 
increased. And if I knew a means of libeijjil?- 
ing the enormous stores of energy locked up 
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in the atoms of the stone, its potential value 
might be almost incalculable. If, finally, I 
knew what lies hidden behind the appearance 
of atoms* and energy, and all the other 
physical* and chemical appearances in the 
stone, J could completely adjust myself to it. 
I^* teleological relations to me would be 
entirely transformed : it would be wholly a 
part of myself, and the end of my scientific 
study of the stone would be completely 
'.'Attained. • 

We can in thought abstract from, or leave 
out of account, the teleological determination 
of our experience, and* treat the external 
world* as if the appearances in it existed 
entirely apart from their teleological relations 
to ourselves. In scientific thought we actually, 
do make this abstraction, leaving out of 
account the fact that all our scientific ideas 
are hun^an ideas, the product of human 
development, and gradually evolved to meet 
human needs. We can also regard human 
activity in relation to t^^ external world as 
simply the action of one self-existent thing 
bn other self-existent things, without any 
regard to the teleological determination of 


H 
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this activity in relation to human organic 
needs: For certain purposes this abstraction 
from reality is useful ; but we must be clear 
that it is an abstraction from reality, and that ^ 
in considering the nature of personality we 
cannot make any such 'kbstraction.c The 
apparent self-existent things in the fomKjjn 
which they appear to us iire themselves the 
creation of our own thought — are machinery 
which we have made for our own purposes. 
The parts of this machinery may appear ta 
exist independently of one another; but all 
are determined as parts, however imperfect, 
which we have made for our own purposes. 
Their imperfection is our own imperfettion ; 
for they are part of ourselves, and belong to 
»@ur personality. We .have made them in 
order to use them for certain purposes, and 
we do so use them. Iii scientific worfcwe 
are not simply studying passively something 
which is apart from and Independent of us : 
our real aim is just as much practical as that 
of any ordinary workman. He has to study 
things just as we do, and our study of them 
is^only part of the gaining control of them^ 
just as in his case. Our theories are practical 
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theories, just as his are, though he is putting 
them to immediate practical, use, while we 
are not. 

The conclusion thus reached is that the 
world bf our experience is a world of 
persoijality. We* can reach this conclusion 
either from the purely philosophical side, with 
Kant and the other philosophers, through the 
abstract demonstration that the world we see 
is the world as we see it. Or we can reach it 
;jfrom the side of human history, through the 
more concrete demonstration that the world 
we see is thfi world Which by painful human 
effort we have gradually*learned to fashion in 
thought and action. The claim sometimes 
advanced on behalf of natural science that it 
deals with absolute^ reality, independent«n.f 
man himself, cannot.be maintained. 

*iWe must now Examine more closely the 
difference between the conception of a person 
or conscious organism and that of a mere 
organism as such. The higher organisms are 
evidently conscious, liS^e ourselves, though 
they may be aware of far less than we are. As 
• we go down the scale of organic life we gridu- 
ally lose the evidences of consciousness. 
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can also find no signs of consciousness t.n the 
greater part of the organic activities of our own 
bodies. Mere organic activity is evidently 
blind or unintelligent. An organism as such 
is in constant relation with its environment, 
as we have already seen, but only in so, far as 
the environment enters into its organic 
To this extent the adtion and reaction between 
organism and environment is determined as 
a part of organic activity. Apart from this, 
however, the mere organism is at the mercy | 
of the physical environment: it is helplessly 
swept hither and thither and learns nothing 
from experience: the physical environment 
appears to be foreign to it in just the «ame 
sense as the environment of a portion of matter 
is, foreign to it. ^ 

Biology as such does not give us any 
rational account of the toSsings about of .the 
organism in the sea of its apparent physical 
and chemical environment.* All that biology 
can do is to reveal to us the blind organic 
activity which is the ofie element of constancy . 
and intelligibility throughout these tossings ; 
and® the tossings themselves appear to u« * 
’ 'as nothing more intelligible than the aimless 
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nd irrational change in an aimless and irra- 
ional world of matter and energy. 

For the conscious organism, on the other ^ 
land, the ,physical environment is no longer 
omething merely external, but is perceived, 
lowewp dimly, and reacted to, as of practical 
iigftilicance and yet outside of immediate 
)rganic determination. It is through the fact 
;hat in perception and volition the external 
(vorld is in real connection with the internal 
jrganic world that conscious life>or personality 
listinguishes itself from mere organic life. 

We must. It seems to me, draw a sharp and 
;lear distinction betweerf biology, which deals 
simply with organic life, and psychology, 
which deals with conscious life or personality, 
l^his distinction is siqtiilar in general nature^o 
that which I have already endeavoured to draw 
beWeen physics and biology. Just as biology 
is a mo^e concrete science, nearer to reality, 
than physics and chemistry, so psychology is 
a more concrete science than biology. W e can 
abstract from the psycbplogical aspect of a 
man or animal, and regard him only from the 
biological aspect. This is, in fact, what*we^ 
do in physiology. In regard to most of the 
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details of bodily activity there is little neAd for 
deliberate abstraction, since the psychological 
element lies only in the background. But 
when we come to deal with the bodily parts 
more immediately concerned in perception and 
voluntary response the casd is very different. 
Perception, voluntery response, and conscious 
activity of every kind belong to personality, 
and therefore cannot as such be dealt with 
scientifically from the merely biological or 
physiological standpoint. We might as well • 
attempt to establish physics on a basis which 
totally disregarded the facts on which the 
conceptions of mass 'and energy are based, as 
to establish psychology on a merely physio- 
logical basis. Physiological psychology, in so 
fai as it is such an attempt, is nothing but a 
misbirth of modem times, inevitably doomed 
to perish, just as is bio-cheinistry in 'so far* as 
it is an attempt to establish physiology on a 
purely chemical basis. 

Now all organic activity in a conscious 
organism is ultimately more or less under con-' 
scious control, directly or indirectly ; and from 
thi^ fact it might be argued that if physiologr- 
cal psychology is impossible, so also is the 
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whol| of the phpiology of conscious organ- 
isms, since physiology cannot, as such, give 
any account of this conscious control. If it 
were majntained by physiologists that the 
physiological account of a man or animal is an 
ultimate and complete account this argument 
wdUld fee valid. There is, however, no reason 
“Why physiologists^ should take up such an un- 
tenable position. Physiology deals, and ought 
to deal, with living organisms just in so far 
(j as the observations relating t<j them can be 
ordered in terms of the conception of a living 
organism. Where, and in so far as, the con- 
ception of & mere organism fails, as in the facts 
relajing to conscious activity, we must have 
recourse to another conception, that of per- 
sonality. ^ » 

It is evident that in applying the conception 
o^personality to nmn or animal we leave out 
of account the details of organic activity. But 
the details are there, and the only account we 
' are in a position to give of them is in terms of 
„ the lower or less concrete conception of mere 
organic activity. If we'go still further into 
* Retail we are jporc abstrart 

account in terms of^to^ anTchemistry. 

^ ITasanti Ballav Srd 
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Hence although in giving an account oil* per- 
ception and volition as a whole we make use 
of the conception of personality, and cannot 
otherwise state the facts, there is ^abundant 
room left for a physiological account of 
the sense organs, nervous system, mujscular 
activity, etc., provided that we recognise that 
such an account always de^Js abstractly witli 
the phenomena, for the suihcientn reason that 
a fuller and more concrete account cannot at 
present be givpn. In the same way we treat i 
the action of the muscles on the limbs, or of 
the limbs on the environment^ or of the 
environment on the ^Sensory organs, from the 
merely physical standpoint. This an 

abstract method of treatment, as we have 

0 

ahtaady seen ; but it is to §ome extent the only 
method available. Provided we do not make 
the mistake of confusing the physical account 
of the world with reality, we are gjerfectly 
justified in making all the^ use we can of this 
physical account. The mere physical facts, 
however, belong properly to neither physiology . 
nor psychology. 

Much of the most valuable part of our * 
physiological knowledge results from the 
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observation of activities of which we are con- 
scious. In making these observations we 
deliberately disregard or abstract from the 
whole psychological aspect of the phenomena : 
we even* take special precautions to exclude 
psychical interference. In this way we observe 
and Analyse the physiology of the sense-organs, 
muscular movemeij,ts, breathing, the intake of 
food and drink, etc. The methods used are 
exactly the same as if we were investigating 
lisomething which is outside of dii^ct conscious 
control, f uch as the circulation, or the secretion 
of urine ; and*it is a complete mistake to de- 
scribe as psychology any Such investigation in 
whic|j»we are observing something of which we 
are conscious. Psychology deals with person- 
ality, and observations/rom which all that is dis- 
tinctive of personalityis rigidly excluded have 
nothing to do with {)sychology. Conversely, 
psychological investigation has no place in 
physiology. The physiologist who treats of 
perception and volition is going outside his 
own subject, and sometimes does so in a 
quite illegitimate manner, endeavouring to 
State or explain psychological phenomeAia^ 
in terms of a conception which cannot be 
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applied to them because it cannot dj^scribe 
them: 

The man as a person is more than the 
man as an organism; but we mu§t not make 
the mistake of supposing that he is 'anything 
different from his organism perceived and 
understood more fully. It is absolutely^vain 
to attempt to separate in<any other sense tfie 
personality of the man from his organic life. 
His character is, on a lower plane of our 
perception, prganic character; his passionsi 
on this plane, are mere organic instincts. To 
separate off the organic instincts as if every- 
thing connected with them were outside the 
man’s real personality is to make the^same 
kind of mistake as is made by the vitalists 
ir physiology. The |>ove between parent 
and child, or man and woman, may be looked 
upon, by those who ar6 not attempting to 
see further into reality, as mere organic 
instinct ; but in nothing else does personality 
in its distinctive sense manifest itself more* 
clearly, and through nothing else can charac- 
ter be judged more certainly. The person 
isUhe whole man, and the organic aspecl 
of him is only an abstract or partial aspect. 
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We j can now reach clear conclusions on 
the much debated question as to the* rela- 
tions between mind^ organisna, and matter. 
Clearly thjs relation is not a spatial one, 
capable (5f bein^ stated in any sort of terms 
of inter^tion. TMie relation is simply one 
of difierent degrees of nearness to reality 
iif the manner ij) which phenomena are 
described. • 

We may attempt to regard a man as 
Mmply a coloured extended pa^ch or form. 
This is a very abstract or empty conception 
of a man ; bflt for certain purposes it may 
be legitima£e — for instancft, if we are consider- 
ing J^w much space the man occupies, or 
whether he will be •visible against a certain 
background. ^ » 

We can also attempt to regard him as 
aboVit seventy kilogrammes of material with a 
certain external configuration, internal struc- 
ture, and movements : such material consist- 
ing of a great variety of chemical molecules, 
acting upon one another and passing inwards 
and outwards in various ways. This is a 
hiuch less abstract conception of the mtn,..,^ 
and for many purposes is extremely useful. 
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and indeed quite sufficient. It is also the 
account which the mechanistic theory of life 
aims at giving in a complete form. More- 
over, we cannot at present give any better 
account of much which we find in thfe man. 

We can next attempt to regard tlje man 
as a living organism, blindly maintaining its 
structure and activity .and fulfilling its 
organic function in relation to the species. 
This is the point of view of biology, freed 
from the trammels of the mechanistic theory* 
of life ; and this mode of regarding the man 
takes into account a great dea^ of what was 
entirely left out ofi account in Ihe physical 
and chemical presentation of him. fv^The 
purely biological account is evidently of 
enormous use, particularly in relation to 
medicine and social and* economic activity. 

Lastly we can attempt to regard the jnan 
as a person, in conscious relation through 
perception and volition to his environment. 
This mode of regarding him includes all* 
that was left out in the previous modes. 
The man as a person is thus no abstraction 
frcpa reality, like the man as a mere form* 
or as an arrangement of material, or as a 
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living organism. He is the real man ; and 
his reration to the man as merely material, or 
as merely organism, is the relation of reality 
to an abstract and imperfect presentation 
of it. The man we see as a person is the 
actual /nan ; he is» neither a conscious auto- 
maton, if any trace of meaning could be 
attached to such a conception, nor a machine 
controlled by. a soul or mind inside. The 
question of the relation of mind to body 
^ a logical question ; and th^ confusion 
which so easily rises on the subject is nothing 
but a logical cdnfusion. 

Our conception of the hian as a person is 
evid^ly only a general conception, of which 
the details are very«imperfectly filled in at 
the best. Of much l^hat is in the man we 
ean only form the blurred and imperfect 
Joncoption* afforded to us by the biological 
)r physical view of him. Only by degrees 
lo we learn to read his character in his 
ctions, words, and features. But we know 
hat his reality lies in his personality, because 
Te cannot in any way reduce this person- 
lity to lower terms, sucH>^ as matter tr ^ 
rganism. 
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My main object in these lectures was to 
map 'Out as clearly as possible the ^sition 
and aims of physiology, differentiating it on 
the lower side from the physical sciences, 
and on the higher side from the “branches 
of knowledge which deal with personality. 
This plan has been carried put, in so "far as 
time has permitted ; but, I should like to 
add some remarks as to the .conception of 
personality and what is involved in it. 

The conclusion that the surrounding world 
is not a world of self-existent things, but 
assumes its actual appearance in perception 
and volition, ma/ appear, at first sight, to 
involve the inference that the existenciS^f the 
world of our experienceiis bound up with our 
own individual existence — with the here and 

o 

now of a person who was bom and will die. 
It is evident, however,' that the ‘personality 
of any individual is the spiritual inheritance 
of ages. Apart from ;that inheritance in 
which we have grown, we cannot imagine 
our existence. Just as the individual 
organism belong^ to the species, and can 
o^ly be unders^^od as participating in its Ufb> 
so the individual person lives not merely his 
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own individual life, but the life of the race, 
and trfe still wider life that the race itself is 
living. There is nothing more certain than 
the existence and compelling power of duty 
which is ’no mere duty of the individual to 
himselfi and of trftth which is no mere truth 
for the individual. In personal existence 
ffiere is always a hore and now ; but the here 
and now of ‘action and perception is not 
» merely my here and now, but the here and 
?iow of the wider personal life* which lives 
in me. 

To put the matter in different language, our 
personal existence implies in its very nature 
participation in a wider personal life. The 
ind^ividual person exists as belonging to that 
life. Even when h§ is living in what n^e 
regard as the most ifelfish manner he does 
not’escapd from this wider life: he is only 
living it ip an imperfect manner, and in so 
doing realising his own personality imperfectly. 
It ‘is the man who steadfastly endeavours to 
carry out, in the spirit and not merely in the 
letter, the social duties Which have grown 
with him, who realises his\wn personalily.' 
In losing Iiis individual perapnality in the 
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wider personal life he realises his true per- 
sonality. ^ 

This is a hard saying: for it represents 
a truth in the form which is hardest of all 
to grasp clearly, firmly, and at ^1 times. 
Certainly no man succeeds* in so grasping it. 
Reality is always presenting itself to «s in 
ever-changing kaleidoscopic forms, in tITe 
confusion of which we cannot ‘see clearly or 
act consistently. In these lectures I have 
attempted, following in the lines of some o/ 
the great leaders of human thought, to trace 
some of the main logical confusions, and to 
point out where and how they confuse us. 
In ordinary life we have usually to shit^our 
eyes to these confusions^ since we cannot at 
once see through them.,^ The great practical 
leaders of humanity have usually ignored ^the 
confusion, and boldly proclaimed “that tfieir 
own picture is the true one, and the rest mere 
illusion. It is harder to see that the true 
picture is everywhere if we look close enough,* 
but in an ever-developing form. 

The astronomer or the physicist seems, at 
, fingt sight, to b^presenting to us a gigantic 
and absolutel;^/inhuman universe, in which 
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man and human activity is but a tiny speck. 
Most^ people simply shut their eyes this 
picture iu its entirety. Few have the courage 
to face it. But it was faced by the philo- 
sophers ^’of the, eighteenth century. Hume 
pointed, oiit that* there is one all-important 
elenrent in the picture which most people 
leave out of account, and this is that the 
picture is only a picture. Kant and his suc- 
cessors taught us to see in part how the pie- 
*ture is painted, and to realise that it is only 
one expression of human personality — the 
personality typified in the lonely and heroic 
figure of Copernicus. 'Aose who have read 
H^g’s D^tschhnd will remember his ac- 
count, scintillating* with the flashes of his 
wonderful literary gepius, of Immanuel Kaht, 
whom he represented as the Robespierre of 
an tntellegtual revolution far more wide-reach- 
ing in its,^fFects than the French Revolution. 
The victim of this intellectual revolution was 
pictured as no mere earthly king, but the God 
of Hebrew ^d Christian tradition. ‘ I can 
hear the bell. Kneel down.\They are bringing 
Ihe sacraments to a dying God.’ Heine t^a> 
right in his estimate of tKo 
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work. But it was the God of materialism, 
and not of Christianity, that was dying.' 

Another picture that is often presented to 
us nowadays is the ideal of men^as perfect 
organisms. All our ills seem, it is‘^ argued, ‘ 
ultimately to arise from orgaihic imperfections s 
and if we could only eliminate these by im- 
proving our material conditions, or by eugenic 
control of the population, all would be well 
with us. Care of the body thus appears 
as the all-injiportant question. If we were^ 
nothing but unconscious organisms blindly 
struggling for existence, this mode of regard- 
ing humanity would doubtless be a correct 
one. It would have mattered more to our 
race that Shakespeare or Newton should have 
b^otten children than that they shpuld have 
done the work by which they are known. 
But we are not mere organisms : > nor does 
our life-work die with us. Nor is it true that 
organic perfection, so far as we can ordinarily 
judge of it, is necessarily any true test of’ 
human fitness. It has been my lot to see; 
many men and wo^en who have distinguished 
themselves by shipring the greatest of moral* 
mr intellectual .Qualities, &nd they present 


c 
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themselves to my memory as on the whole 
a ra1;jier weedy-looking collection, while the 
men or women who have looked like perfect 
animals have not infrequently been wholly 
incapable of filling the station into which they 
]iad chdhCed to*ba born. 

Still another picture is that of men as each 
striving simply for his own individual in- 
terests, and, of nations as similarly striving 
against one another. We find this picture 
* pressed upon us, not merely by the old- 
fashioned political economists, £ut also from 
many other quarters. It is evident that men 
and nations do compete with and struggle 
against one another, and must be ready to do 
so^henever necessary. But we have only to 
g6 out of our arm-chairs into the real wqfld 
to find that they are equally willing to co- 
o^ffate with and help one another, even to • 
the point of taking great risks or making 
great saiSrifices. is so not only with 

individual men, but also with nations. A 
wave of national feeling may quite easily 
carry a country into war in defence of another 
’(jountry, just as one man wU readily risk his 
life to save another man, (H|, simply to carry 
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out his duty in whatever form it may present 
itself . The picture of men or nations asj^nere 
individuals blindly struggling against one 
another, or each working only in his own 
individual interest, is simply another, of the 
illusions of imperfect logic, <jr of what comes^ 
to the same thing, one-sided and iniperfect 
observation. ' , 

Another form of this picture is that of 
personal life as of a mere isolated individual, 
buffeted about, and perhaps now suffering or * 
dying, in a w<Srld that seems wholly external. 
The individual may be nothing but a poor 
hypochondriac, or he may be broken by real 
physical misfortunes, or the failure of those 

whom he loved and trusted, or of some cdSse 

0 

which he had worked for. For the man who 
is suffering or dying ih Consciously doing his 
o duty there is probably no such illusi9n. Ij;^is 
harder to see that the man who has failed, 
perhaps through his own defects or-’ those of 
others, or through what appears to have been . 
mere mischance, can still be at one, and feel 
himself at one, with the wider personality that 
lives in him and wnl still live when he, as a t 
luefe individual,1;4rishes. 
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Philosophy leads us up to personality as the 
greaV central fact of the universe; and we 
have seen that this is not mere individual 
personality. Nor is it limited as the person- 
ality of 'country or species. However dimly 
we mj jr see it, It is a personality which in- 
cludes within itself our whole universe. If 
*we follow out the.Jine of thought initiated by 
Kant, and particularly the analysis of what is 
implied in truth and duty, no other conclusion 
* is possible. ^ 

But what, it may be asked, of the time 
before conscfous personality existed? This 
question i? similar to that relating to the 
ori^R of life, and already discussed. We 
know nothing of such a time ; and time and 
matter themselves are^ but expressions* of 
personality. The logic of the universe is 
th®. logic* of persoftality, and cannot, as it * 
were, rise up against and destroy itself. It 
is the business of ^philosophy or of religion 
-rfor there is no real distinction between 
.the two — to free us from the various illu- 
sions through which such ^ a thing appears to 
% possible. 

These illusions seem to rise like speetres 

i2. 
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on every side. What, for instance, of the 
history of the individual person ? Wasc^there 
not a time when, within his mother’s womb, 
he had no conscious existence ? And how 

O 

did his individual personality come infcJ being ? 
Not only his bodily form, Mit all hi|. moral 
and intellectual characteristics are inhaited 
from or through his parents. Is not, there* 
fore, his personality the mere, outcome of 
material or purely organic conditions? Is 
not this rendered certain by the known fact 
that some organic defect — for instance, in his 
thyroid gland — may make him tfn idiot ? 

In practieal life ^e must often, perforce, 
satisfy ourselves with such reasoning"*, _^ut 
there is a petitio principih running through it 
alio It is the same petitio principii that runs 
through the whole materialistic conception of 
the universe. We as yet know nothing of the 
psychology of the foetus or the individual cell, 
just as our forefathers knew nothing of the 
physiology of the living cells which they 
mistook for mere drops of colloid material.* 
We also know extremely little about what we 
c»U matter, though we do know enough about* 
our ignorance ^f it to enable us to reject an 
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argument based on the assumption that our 
igno^ftnce is knowledge. 

Looking back at the argument stated in 
the first lecture, we can see that it was based 
' on a nlfire provisional hypothesis with regard 
to thQ ^nature o1^ the external world. This 
hypslhesis serves a ttsefpl though limited 
purpose ; but we have seen that it is not, and 
cannot be, a. true account of reality, whereas 
^ the materialistic argument was based on the 
assumption that it is a true Recount; and 
that matter and energy as such are realities 
which cannot? be questioned. In actual fact 
we do not* understand, 'except nn the most 
imperfect manner, the reality which lies 
behind the appearance of a physical world. 
But we understand enough to be certain that 
this reality has, and* can have, no existence 
apart from personality, since existence itself 
has no meaning apart from spiritual exist- 
ence. ^ 

• .Philosophical discussion helps us to realise 
.that on every hand we are surrounded by 
mysteries to be solved, apd points out the 
'^ths of further investigation. Except, ky 
the combination of painfu^ and accurate 
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observation with equally painful and accurate 
thought and action, we cannot realises our 
true existence. This observation, thought, 
and action must also be the educate^ observa- 
tion, thought, and action of personalify, and 
must focus in itself the spiritual inheiutanco 
of personality. 

In personality there is always the element* 
of the here and now. New experience is 

1 always, as it were, welling up within it, and ^ 
gradually takpg the form of new truth and 
new duty. Personality is living, suffering, 
rejoicing, and working existendfe. This idea 
is clearly embodied iii the Christian conception 
of God ; and when we try to penetrate through 
the sensuous mist which blurs that conception 
we'can see that our discussion has brought us 
very near to it. 

o « * 

In concluding these lectures I should like 
to summarise briefly the course of the 
argument. In the first lecture I stated as 
clearly as I could the arguments in favour of ' 
the mechanistic theory of life, and the fatal, 
objections which , may be urged against 
viti^sm or animism. The second lectuue* 
was devoted to, criticism of the mechanistic 
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theory. I endeavoured to show that the 
exp 9 *iinental evidence which has been brought 
forward in support of this theory will not bear 
critical examination, and that the popular idea 
that the progress of physiology is in the 
4irectjAn«of- con^rming or supporting the 
mechanical conceptidls of life is a complete 
•illusion. I then , proceeded to discuss, in the 
light of biological facts, whether by any 
possibility the mechanistic theory may not 
still be correct. The result of this discussion 
was that there is no such possibility. The 
physical and chemical conception of the 
world bre^s down absolutely and hopelessly 
in connection with the phenomena of life, 
however useful it^ actually is in connection 
with inorganic phenomena. It is, therefore, 
nothing but a working hypothesis of limited 
useful application. * 

The third lecture began with a brief dis- 
cussion of the prcigress made by philosophy 
iji discussing the ultimate validity of the 
physical and chemical conception of the 
universe ; and it was shown that there is no 
ultimate validity in this account, so that jve 
are quite free to employ another conception 
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in interpreting biological facts. It was then 
shown that we do actually employ the fnpda- 
mental working conception of living organisms 
as such, and that with the help of this con- 
ception we can bring order and intelligibi- 
lity into biological investigpjpdu. aixd are,, 
provided with a working hypothesis wVich 
is of the utmost practical vfilue in biological • 
work. This was illustrated by reference to 
the actual course of physiological investiga- 
tion, and contrasted with the scientific 
impotence resulting from the adoption of 
the mechanistic theory, which is only capable 
of presenting the fads in a more partial or 
abstract manner. It was also pointed out 
that the ultimate ideal ofobiology is to bring 
witbin the scope of biological conceptions 
even the phenomena w^ich we at present 
'interpret as inorganic. ‘ « .* 

In the fourth lecture the phenomena 
presented by conscious organisms oF persons 
have been considered. It was shown that thg 
relation of a person to his surrounding world 
with which he is in contact through per- 
ception and volition is not a mere extern4. 
relation, since his surrounding world is 
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teleologically determined in relation to his 
org^ic life. It is a mere logical illusion to 
regard the world we perceive as independent 
of its relations to us in perception and volition. 
The^ visible world around us is a world 
imoul«^.dJ»y-<>u^ipgreonality, and there is no 
otliftr world. In scfentjfic work we can 
abstract from, OB*disregard, the psychological 
aspect of tWngs, but in so far as we do so we 
are dealing with abstractions. The relations 
of personality, mere organism, ^nd matter are 
relations of increasing abstraction from reality. 
Just as the individual organism can only be 
understood as participating in a wider life, so 
tljp ihdividual person exists only in participa- 
ting in a wider personal existence. He can 
only realise his true, personality in losing his 
personality as a mere? individual. Personality^ 
is ‘the great central fact of the universe. 
This world, with all that lies within it, is a 
spiritual world. 
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VENTION. A Manual for Medical Students and 

Practitioners. With numerous Plans and Illustrations. 

Medium 8vo. lo^. 6^. net. ^ ^ e • 

This practical manual is a summaij of the author’s expicriences and 
investigations on Yellow Fever in New Orleans^ CWitral and Soijth America, 
the West Indies and West Africa, and the subject is treated very^iipleteV, 
historically, geographically, and clinically. It also contains ^pters on 
Treatment, Pathology, Diagnosis, and Epidemiolo^. Prophylaxis and 
Entomology have a complete section to thems£^es. The book is illustrattd 
by some sixty figures, maps, and charts, and is intended as a practical manual 
for the medical student and practitioner. 

MOSQUITO OR MAN? The Conquest of the 

Tropical World. , Third Edition. Revised and Enlarged. 

With numerous Illustrations. Medium 8vo. lo^. 6d. net. 

‘ This very interesting volume cannot fail to brin|^ome to the reader the 
vast importance, economic as well as scientific, of tnis new conquest of the 
tropical world. The text is elucidafed by numerous plaAs from photographs 
which illustrate not only several of the insects concerned in the propagation 
of disease, but views of anti-mosquito brigades, screened wards in hospitals, 
houses in course of fumigation, and many other scenes«and objects hearing 
upon the contents of the book.’— ^ 

* A book which gives us for the first time a thoroughly oomplete i^-to- 
date histdry of a branch of parasitology, and dealing with the most wonder- 
ful of all the manifestations conneaed ^ith the development of modem 
medicinal science. In “Mosquito or Sian?” the Dean of the Liwpool 
School of Tropical Medicine has given to fhe world a masterpiece m lucid 
exposition of the nature of the problem which Manson, Ross, and others 
have gone so far to solve .’ — Liverpool Journal of Commerce, i 

HEALTH PROGRESS AND AT)MINIS- 
TRATION IN THE WEST INDIl^S.* 

Second Edition. Medium 8vo. With Illustrations, los. 6d. 


* From beginning to end the book is full of interest, and its perusal may 
be warmly commended, not only to members of the medical profession, l^t 
to all whcL for purposes of business or pleasure, find themselves frop tfone 
to time called upon to visit the tropical outposts of the Empire. It is con- 
spicuous, from the bookman’s point of view, for the attractiveness of its style 
and the beauty of its illustrations.’— Medical Jou^m^ 




THE PREVENTION OF MALARIA.* *By' 

MAjoif SiR»RofjALD Ross, F.R.S., CB., Professor of Tropical 
Medicine at the University of Liverpool. With Contribu- 
tions by twenty of the Leading Experts. With Illustrations. 

Demy 8vo. air. net. 

# 

* A thoroughly sound and comprehensive treatise ; Major Ross and his 
colleagues have turned out work worthy of their high reputations. The 
student of malaria in all respects will find in this work the most complete 
exposition af^hPsubject in medical literature. 

* Rarely indeed has o»e the pleasure of reading so masterly an analysis as 
thU of such^an intricate riS^atechnical subject.*— 


A SUMMARY OF FACTS REGARDING MALARIA. 

Suitable for public instruction. Reprinted from the above. 


ALSO BY THE SAME AUTHOR 


PHILOSOPHIES. In Paper Cover, is. net. 

A series of verses Written in India between i88i and 1889, mostly in 
connection with th# author’s researches %)n Paludism. 


GUILDREN IN HEALTH AND DISEASE. 

A Study *of Child-Life. By David Forsyth, M.Da D.Sc., 
Physician to the Evelina* Jl^spital for Sick Children, Assis- 
tant Physician (late Physician in Charge of the Children's 
DeJ^rtmeTit) and Joint Pathologist, Charing Cross Hospital. 

•Demy 8vo. 10 s. 6d. net. 

‘ The physiology and psycholpgy of the child at every stage of its existence 
is fully dealt with, together with the bearing thereon of the work of health 
Visitpri, the Notification of Births Act, and other points connected with the 
functions of public health authorities. The situation of the school buildings, 
(krainage, closet accommodation, design of class-rooms, arrangement of 
work, treatment of infectious diseases, medical inspection, class-room 
hygiene, and the training of defective children of every type, are among the 
many subjects which receive attention. The essence of the book, however, 
is »be found in the author’s view of the evil results of treating thj different 
aspects of child-life as entirely distinct from one another, and orthe great 
importance of close co-operation between the public health and education 
departments. *-2R5 !^cw/ Circular of tht County Councils Association. 



A HANDBOOK OF PHYSIOLOGY. By 

W. D. Halliburton, M.D., F.R.S., Profesior of Pfiysiology, 
King's College, London. Eleventh Edition, being the 
Twenty-fourth of Kirkes'. With nearly Six Hundred Illus- 
trations, including some Coloured Plates. Large jfrown 
8vo. 151. net. 

‘One of the best manuals for the student which we possess ... the 
book is an eminently trustworthy one, and will prove a valu-vble foundatioi^ 
for, and introduction to, the larae treatises on physiology. 

‘ The popularity of this excellent student’s text-bf'ok is shown by the fact 
that a new edition is called for every year .’ — Medical Joupial. ^ 

A PRIMER OF PHYSIOLOGY. By Professor 
E. H. Starling, F.R.S. Illustrated. ' F'cap 8vo. 1/. • 

* This little book represents the nearest approach to the ideal primer 
of physiology that has yet been produced. In it the leading' facts ol 
physiology are expounded in a masterly manner— made, in fact, accessible’ 
to very modem capacities. The direct and simple style in which it is 
written, and its freedoip from all but essential technical terms, ^render 
it a model of lucidity, and at the same time extremely interesting reading. ’ 
—Educatio^i, 

A MANUAL OF PATHOLOGY. Handbook 

for Students. By Sidney Martin, M.D., F.R.S., F.R.C.Pv 
Professor of Pathology, University College. , With num^roui , 
Woodcuts from Micro-Photograph?^ Medium 8vo. 155. net. 

‘This work is of such high excellence, and the difficult *task of giving 
a complete survey of such a rapidlvcgrowing subject as general pathology 
has been so well accomplished, that, in spite of the criticism we have 
offered, we can heartily recommend the^ork to students of paty^lp^y. 
In general terms it maintains the highest standard of the school froja which 
it emanates.’— 

‘ Is excellent and superior, we think, to any other work of the kind in Ihe 
English language.’— ^ 

THE TREATMENT OF SOME ACUTE 
VISCERAL INFLAMMATIONS, ANI? 
OTHER PAPERS. By David B. Lees, M.A., 
M.D., Cantab., F.R.C.P. Lond., formerly Scholar of Trinity 
Collie, Cambridge; Senior Physician to the Hospital Wor 
Sick Children, Great Ormond Street; Physician to St 
Mary’s Hospital. ^ Crown 8vo. 6s» net. 



THE ^BACTERIOLOGY OF MILK. By 

Harold J^withinbank, of the Bacteriological Research 
Laboratory, Durham, and Sir George Newman, M.D., 
F.R.S.E., D.P.H., Chief Medical Officer, Board of Educa- 
tion,. With Special Chapters also by Dr. Newman on Spread 
of Disease by Milk and the Control of the Milk Supply. 
With numerous Illustrations. Royal 8vo. 25J. net. 

* * Ought 5nd a place in the library of every medical officer of health 
and of every milk-pro^pcer. Scientific in method and lucid in exposition, 
the authors have given $. really invaluable text-book. ... We are glad 
t(» conynerM this book as dne of the most valuable of recent English contri- 
butions l^the science of public health.* — Spectator. 

BACTERIOLOGY AND THE PUBLIC 

^ HEALTH! By Sir George Newman, M.D., F.R.S. 

^ Edin., D.P.H., Chief Medical Officer, Board of Education. 
With numerous Illustrations. Medium 8vo. 21s. net. 

‘The present work, though nominally a third edition of “Bacteria in 
Relation to the Economy of Nature, Industrial Processes and the Public 
Health," is virtually arpew book, written with the object of supplying all that 
is necessary for the student of hygien^and the officer of health to know, so 
far as every-day problems of sanitation and preventive medicine demand. 
... Dr. Newman, has done a good work in producing a treatise which 
places at tke service of the community what is known about all these topics.’ 
—Dmly Telegraphs 

THE RECENT* DEVELOPMENT, OF 
PHYSICAL SCIENCE. By vv. c. d. Whetham, 

A^A., F.R.S. Illustrated. Large Crown 8vo. 51. net. » 

! The Philosophical Basis of Physical Science— The Lique- 
ricTiON OF Gases and the Absolute Zero of Temperature- 
Fusion AND Solidification— The Problems of Solution— The 
Conduction of ELECTRici'fv through Gases— Radio-Activity- 
► Atoms and iEiHER— A stro-Physics— Index. 

[Recent advances in the study 

' OF VARIATION, HEREDITY AND 
^EVOLUTION, By Robert H. Lock, M.Af, Fellow 
of Gonyille and Caius College, Cambridge. With Portraits 
2jnd other illustrations. Crown 8vo. jr. net. 



THE NERVOUS SYSTEM OF.VERTE- 

BRATES. By j. B. Johnson, Ph.D., Professor oj 
Zoology in West Virginia University. With One Hundred 
and Eighty Illustrations. ' 15 ^. net. 


CONVERGENCE IN EVOLUTION. Bjf 

Arthur Willey, D.Sc., Lond. ; Hon. Cantab. 

F.R.S. With Diagrams. Demy 8 vo, 75 . 6 i. nA. 

This work brings together some scattered factt dR parallel deyjlopment ol 
outward form and interniiU structure in the animal ]|ingdom, i;^oducio^! 
new cases and fresh interpretations. It is, taken as a whole, an original 
contribution to the theory of organic evolution^ yith special reference to t^ 
forms of animal life. " » 

THE HEREDITY OF ACQUIRED CIIar4 
ACTERS IN PLANTS* An Aspect of tlje true 

Darwinism based 6 n Personal Observations and Experiments) 
By the Rev. Prof. George Henslow. With Illustrations) 
Demy 8 vo. 6 s. net. 

The object of this work is to substantiate Darwin’s alternative explana 
tion of Evolution, which replaces his theory of * The Origin of Species bj 
Means of Natural Selection.’ He maintained that new forms arose b^ th^ 

* direct action of changed conditions of life,’ and that, if these persisted fd 
several generations, the variations produced by them would-be hereditjiry 
The author herein describes experiments and observations which entireb 
confirm this later view of Darwin, h^d l^ him in 1876. It is precisely th^ 



ilant-ecologists of to-(}ay. 


EWIHraY FAMILIES (SCIENCE^ 

An Index to T^^ips in hear degrees between person; 
le achievement We Honourable, and have been publicP 
By FitM^is Galton, D.C.L., Hon. D.Sc. Cainb. 
ai^d Edg^^Schuster, Galton Research Fellow ii 
NaturaPEugeni|S. ^^rown 6;. net. 

micrqI^y. The Construction, Theory, and y/ 
of tfe^feroscope. By Edmund J. Spitta, F.R.A.S 
F.R^M.S., etc. With numerous Diagrams an^ lustration; 
Second Edition. ^i 2 S, 6d. net. 




